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A REVIEW OF EXPERIMENTAL STUDIES OF NON-SPECIFIC 
INHIBITION OF ANAPITiTLACTIC SHOCK 


BJSTINA H HILL \nd LAY MARTIN 

From the Departments 0 / Urology and of Medicine of the Johns Hopkins Medical School 
and Hospital 


This reviein is limited to studies of non-specific inhibition of the 
anaphylactic shock nhich is obtained by the second injection of an 
antigen Similar studies of the inhibition of anaphylato\m, peptone 
and other shocks, of n hich there is a small but interesting bibliography, 
have been omitted 

The discussion of so extensive a subject as this, one which contains 
so many conflicting findings or statements of findings, must necessanly 
be broad Detailed information will be found in the addenda, where 
the agents have been listed alphabetically, in order to facilitate 
onentation There, under each agent, an effort has been made to 
review every publication critically and, where several articles have 
been published on the use of one agent, a brief summary has been 
made We believe that the addenda will be of interest mainly to 
readers who wish to use it in reference to particular substances An 
idea of the types of agents used for non-specific inhibition of ana- 
phylactic shock, however, may be obtained from the following list, 
w hich includes all that we have been able to find in available literature 


Alphabetical List op the Agents Which Have 
Anaphtlactic SnocL 


Acetone 

Adrenalectomy 

Adrenalin 

Agar 

Ageing of antigen 
Albumoses 
Alcohol 
AUocaine 
Almond oil 
A mmomum sulphate 


Anaphylalo^in 
Animal charcoal 
Antitrypsin 
“Arsenobenzene” 

Atropine 
Banumchlonde 
Barium sulphate 
Barometric pressure reduc 
tion 

Bayer "205” 

141 


Bees Used to Inhibit 

Bayer ”1910” 

Benzoic acid 

Benzol 

Bile 

Blood volume increase 
Brain surgery 
Butyric acid 
Caflein 

Calcium acetate 
Calcium chloride 
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Calcium lactate 

Calcium sulphate 

Cascosan 

Castration 

Chloral hydrate 

Chloralose 

Chloroform 

Cholestenn 

Chohn hydrochlonde 

Complement fixation 

Congo red 

Curann 

Dextnn 

Dialysis of antigen 
Diastase 

Dichlorathylsulphid 

Drying of antigen 

Egg fat 

Emulsin 

Esenne 

Ether 

Ethyl chloride 
Filtration 
Formaldehyde 
Freezing antigen 
Gastnc juice 
Gelatin 

Gland extracts, sexual 

Glucose 

Glycogen 

Guamdine chlonde 
Heating antigen 
Heparin 
Hirudin 

Hydrochlonc acid 
Hydrogen peroxide 
Ink 

Intercurrent infection 
Invertm 
lodbenzoic acid 
Iodine 

Iron, state of hydrosol 
Iron oxide 


Iron oxide, saccharated 

Kephahn 

Lanohn 

Lecithin 

Lipoids, not listed else- 
where 

Magnesium sulphate 
Manganese chlonde 
Mercurochrome-220 
Mineral waters 
Milk 

Morphine 

Mud 

Multiple sensitization 
hlyrosin 

Neoarsphenamine 

Nephrectomy 

“Novoprotem” 

Ohve oil 

Opium 

Orange juice 

Oxygen 

Pancreatin 

Paraldehyde 

Pepsine 

Peptone 

Pilocarpine hydrochloride 
Pituitnn 

Potassium chlorate 

Potassium oxalate 

Potassium permanganate 

Pregnancy 

Pressure 

Quinine 

Rice, pohshed 

Roentgen ray 

Saponin 

Seed extracts 

Serum fractions 

Serum globuhn 

Serum, heterologous 

Serum, normal 

Sodium bicarbonate 


Sodium carbonate 
Sodium chlonde 
Sodium citrate 
Sodium cyamde 
Sodium formaldehyde 
sulphoxylate 
Sodium glycholate 
Sodium hydroxide 
Sodium hyposulphite 
Sodium lodoxybenzoate 
Sodium nitnte 
Sodium oleate 
Sodium persulphate 
Sodium sulphate 
Sodium taurocholate 
Splenectomy 
Starvation 
Stovam 
Strychmne 

Succinic acid peroxide 
Sulphur, colloidal 
Sulphur, protein combina- 
tion 

Surgical interference 
TaUiamine 

Temperature reduction 

Thonum X 

Thymectomy 

Thyroidectomy 

Thyroid extract 

Toxins 

Transfusion 

Tnkresol 

Trypan blue 

Ultra violet light 

Urethane 

Unne 

Vagus section 
Vitamin A deficiency 
Vitamin B deficiency 
Vitamin C 
Water 

VTiey protein 


Before discussing the types of experimentation employed, certain 
points in regard to methods of study should be emphasized Owing 
to the indmdual variations of the experimental animals, it is absolutely 
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necessary to use a sutBciently large number of both control and treated 
animals to allow a determination of the extremes of such variations 
Closely related to this is the necessity of knoi\ing, granted that a 
given agent inhibits shock, that the second injection of antigen has 
been sufficiently large, or, granted that a given agent fails to inhibit 
shock, that the second injection of antigen has not been excessive 
This would seem quite obvious, and would not have been mentioned, 
had we not been forced to read article after article in which one or two 
controls and treated animals w ere offered as conclusive evidence, or 
in which no titration of antigen was given 

Since It is desirable not to employ an antigen dosage increased to the 
point of killing the least sensitive animal, which would be much more 
than a lethal dose for the average, one may not expect 100 per cent of 
the controls to die Certainly they should all have very defhiite shock 
sjTnptoms, especially the staking temperature drop charactenstic 
of sub-acute shock On the other hand, not all of the treated animals 
need survive, but a statistically significant proportion of them should 
show definitely less shock than the controls It also seems probable 
that in testing agents of possible clinical application the more delicate 
methods of skin tests, or Friedbetger’s method of measuring tempera- 
ture changes would be more important than work with lethal or 
multiple lethal doses of antigen There might conceivably be quan- 
titative differences, as previously indicated, which this more crude 
method would mask It is also possible that many agents totally 
unable to inhibit shock with lethal doses of antigen would be of 
definite value m protectmg against a degree of shock comparable to 
that found clmically Of the agents studied to date, those whicli 
have shown some evidence of inhibitory action might be worthless 
under other conditions, and those agents which have seemed to exert 
no protective action might be shown to be of definite value when 
tested by more delicate methods 

In summarizing the findings for discussion, we have placed the 
experiments in different categones, as follows 

I. Those m which efforts have been made to modify the antigen to be used for shock 
A In vitro treatment of the antigen 
B In vivo treatment of the antigen 

II Those m which efforts have been made to influence the reacting substances or 
tissues of the eapenmental animal 
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A Treatment before sensitization 
B Treatment durmg sensitization 

1 Treatment early in the sensitization period 

2 Treatment throughout the sensitization period 

3 Treatment late m the sensitization penod 

C Treatment simultaneously with the second injection of antigen 
D Treatment after the second injection of antigen 
E Treatment both before and dunng sensitization 

F Treatment both dunng sensitization and after the second injection of 
antigen 


I A THE HSr VITRO TREATMENT OE THE ANTIGEN 

A large number of chemical and physical agents have been used m 
an effort to change the antigen used for the shocking dose, but, m 
general, there has been very little work done on any one method of 
inhibition 


Material and Physical 

Chmtcal 

Adrenalm 

Alcohol 

Ammomum sulphate 

Ammal charcoal 

Butyncacid 

Calcium acetate 

Cholesterol 

Esenne 

Ether 

Gelatm 

Glucose 

Gastric juice 


Means Used In Vitro to ! 
Used eor Shock 

Hydrochlonc acid 

Hydrogen peroxide 

Iodine 

Peptone 

Pilocarpm 

Potassium permanganate 
Sodium citrate 
Sodium formaldehyde sul- 
phoxylate 

Sodium hyposulphite 
Succimc acid peroxide 
Tnkresol 
Urethane 


Modify the Antigen to Be 

Physical means 

Ageing 

Dialysis 

Drymg 

Filtration 

Freezing 

Heating 

Ultra violet hght 
X-ray 

Enzymes 

PancreaUn 

Pepsin 


Glucose, gelatm, peptone, cholesterol, ether, enzymes and a number 
of nuscellaneous substances grouped under ‘‘Chemicals,” have been 
mixed in various ways with the antigen Where a clear solution has 
resulted the nuxture has been used for the second dose of antigen and 
where a precipitate has been formed, the filtrate has been injected 
Needless to say, an assorted group of alleged antigens has been in- 
jected Much of this work was done by Anderson and Rosenau many 
years ago m their fundamental studies of anaphylaxis Their shocking 
dose was almost always given intrapentoneaUy m from 3 to 6 cc 
amounts This renders the evaluation of their negative results 
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difficult as in other senes they nere able to shock sensitized animals 
\nth as little as 0 1 cc of antigen given intrapentoneally The antigen 
used by Rosenau and Anderson was usually horse serum They 
mixed antigen with varying amounts of alcohol, butync acid, calcium 
citrate, hjdrogen peroxide, iodine, potassium permanganate, sodium 
citrate, sucanic acid or tnkresol Of these mixtures the results from 
the injection of the alcoholic and hydrogen peroxide filtrates into a 
very small number of guinea pigs (2 or 3) demonstrated fairly good 
inhibition of shock The fact that the other mixtures have negative 
results within the limits of the expenment is not evidence that they are 
without value under other arcumstances The amounts of filtrate or 
of mixture used were greatly in excess of the amount of untreated 
antigen needed to shock the controls 
Within the limits of the small number of animals used, there is 
evidence that Carpani, also Suran}! and Jamo, workmg with cho- 
lesterol mixtures, Brodin and Huchet using sodium formaldehyde- 
sulphoxylate, a drug closely related to novarsenobenzol, and Von 
Dungem and Hirschfeld, using iodine, were able to inhibit shock 
Pancreatm and pepsm were used by Lesnd and Dreyfus, who stated 
that they w ere able to obtam inhibition, but gave no protocols 
Using excised muscle strips, Larsen and his co-wotkers w ere able to 
prevent contraction by immersing the sensitized tissue in from 8 to 
10 per cent peptone solutions before the addition of the antigen 
No inhibition was obtamed by other chemical agents It is interest- 
mg to speculate upon the changes produced in the antigen by some of 
the substances used Some, such as glucose, probably act only as 
diluents Others precipitate the proteins and so modify them that 
it IS not surprising that no shock is obtained This m no way repre- 
sents desensitization and should not be accepted as such unless a 
subsequent injection of untreated antigen is without marked effect or 
causes definitely less shock than in the controls Where the chemical 
employed unites with the antigen to form complex sustances quite 
different from the ongmal antigen, shock obtained with such modifica- 
tions may be due to somethmg of the nature of an anaphylatoxin 
In some cases it is impossible to tell whether the action of the agent is 
upon the anpgen or upon the sensitized animal Furthermore in 
cases where the antigen has been preapitated, some quantitative 
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companson should be made by sensitizing fresh animals with the 
modified antigen before hke doses of the modified and unmodified 
antigens are assumed to be equal 

Experimental work on the various changes produced by physical 
means, such as agemg, dialysis, drying, filtration, freezmg, heating, 
x-ray and ultra violet radiation is of interest There is strong evidence 
that heating to 55° to 60°C. for an hour will markedly reduce the 
toxicity of a serum antigen No conclusive work has been done to 
demonstrate any great change m the antigen by other physical agents 
However the effect of ultra violet hght may be significant and experi- 
ments with it should be repeated The mterestmg work of Giaume 
would have been more valuable had he shown that his animals which 
had no shock when given serum irradiated with ultra violet light were 
then not susceptible to being shocked by the untreated antigen 
Without this test he has shown no inhibition of speafic shock 

It is quite possible that ageing, dialysis, drymg, filtration and 
heating simply reduce the toxicity of the antigen Therefore any 
inhibitory results obtamed should be recognized as partial speafic 
desensitization 

IB IN MODIFICATION OF THE SHOCKING DOSE OF ANTIGEN 

hlost mterestmg experiments have been done in which a drug was 
given intravenously to the animal which was later bled to obtain the 
shocking dose of serum With both arsenobenzene and ink some 
evidence has been given that the serum so treated m \nvo is less toxic 
than the imtreated serum Again it seems to us that the proof of 
inhibition of speafic shock would have been the subsequent injection 
of unmodified antigen Further experiments along this hne, however, 
using many different agents, might be of the greatest interest, offermg 
as the}’^ do innumerable possibilities of variations m time and drug 
dosage Such experiments more closely approximate the conditions 
under which the agents would normally be employed than do m vitro 
tests, and serve to indicate whether or not such inhibitory action might 
be expected m vivo, although they as yet throw no hght on how drugs 
might be expected to act It is obvious that the abihty or inabdity 
of a drug to modify in this way the toxiaty of an antigen is only half 
of the story, but it would be of value to know^ w^hether or not the action 
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of certain drugs was upon the antigen or upon the sensitized animal 
This method of experimentation offers the possibility of determining 
part of the answer to this question 

II A treatment of the experimental animal before 

SENSITIZATION 

With the exception of some x-ray radiation all the treatment in this 
division falls under the head of operative surgery 

Adrenalectomy, thymectomy and splenectomy have been performed 
on unsensitized animals by various workers The removal of the 
organs m no way affected the later sensitization and shock of the 
animal 

Lanzenberg and K.6pinow and later others have shown quite con- 
clusively that thyroidectomy on the unsensitized anunal will in a 
rather marked degree lessen his abihty either to dexelop sensitization 
or to react to a second injection of antigen Control animals were all 
shocked 

Von Heinrich gave an erythema dose to guinea pigs on the day of 
sensitization Twenty-one days later they survived the shocking dose 
while the two controls died It is too bad that this onginal work was 
not better controlled He also carried out an interestmg experiment 
in passive sensitization Two guinea pigs were irradiated three 
weeks after sensitization Their serum was transferred to normal 
animals They had no shock when given amounts of antigen fatal 
for two controls 


II B, 1, 2 AND 3 TREATMENT DURING THE PERIOD OF SENSITIZATION 

In this section three sub-groups have been made, some of which 
overlap unavoidably 


Materials or Physicvl Means Used to Modiey the Reacting Substinccs or 
Tissues of the Animal During or After tue Sensitizing Period 


Surreal 
Brain surgery 
Nephrectomy 
Splenectomy 
Surgical interference 
Thymectomi 
Thyroidectomj 
Vagotomy 


CoUoids 

Agar 

Congo red 
Kephalin 
Dextrin 
India ink 

Saccharated iron oxide 
Thorium 


Proteins 

Albumose 

Anaphylatoxm 

Cacosan 

Hepann 

Hirudin 

Novoprotem 

Peptone 
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cascx)san, peptone, seed extracts, serum fractions (albumin, globulin, 
euglobulin), normal sera, and whey protein comprise the important 
ones AU of these materials have shown some abihty to decrease or 
inhibit the amoimt of shock in the sensitized animal However for 
reasons such as lack of control animals, failure to titrate the effective 
shocking dose of antigen, pauaty of experimental animals, varymg 
dosages spread over a series of animals in groups of one or two, and 
others, sufficient positive or negative evidence has not been adduced 
There has been an enormous amount of work done upon the possible 
inhibitory effects of serum fractions, and of whole heterologous and 
homologous sera In each group there is evidence which points toward 
the inhibitory effect of these agents How^ever, in each group there 
is an occasional well controlled experiment which shows no mhibition 
Also there is, we regret to say, a great deal of worthless work It is 
important that conclusive experiments be carried out in this field 
Cascosan has been but httle used, and the conclusions in regard to 
it need corroboration Peptone has caused much discussion as an 
inhi bitor of shock There are well controlled investigations on both 
sides of the question Whey protein may very possibly inhibit shock 
but the statement cannot be made from the small number of animals 
tested 

Enzytnes No work worthy of consideration has been done Pan- 
creatin and pepsin have been used on only one or two animals 
Carbohydrates. In spite of the careful work on glycogen the results 
obtamed were inconclusive 

Narcotics Under this headmg as well as imder others, much work 
has been reported which must be taken on faith or on authority. 
General statements and broad assertions are made that such an agent 
does or does not inhibit shock There is, however, no mention of 
details 

The mvestigations with chloral hydrate have been for the most 
part well conducted and present definite evidence of inhibition of 
shock 

Chlorolose, morphme, opium, and paraldehyde, have been reported 
very incompletely No conclusion can be gained from the reports 
There has long been a behef, mainly, we fear, founded on authority, 
that ether as a narcotic will inhibit shock Besredka first made the 
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Statement A few other investigations yielded afcrmatory or contra- 
dictory findings Strangely enough -n e can only find one investigator 
■olio has thought it advisable to present his protocols IIis results 
are inconclusive 

We cannot find that inhalations of chloroform have been used as 
an anti-anaphylactic agent 

Fals Many of the substances of this sort n Inch ha\ e been studied, 
have been used with the idea of lonenng surface tension and thereby 
inhibiting shock 

Antitrypsin has been used by Jobhng and Petersen They have 
brought evidence which thej considered to indicate that the acetone 
insoluble part of egg yolk is similar to antitrypsin In a very small 
number of control and cAperimental animals they' were able to show 
that the amount of shock was diminished by injection of antitrypsin 
just before the shocking dose 

Cholesterol and lecithin have been investigated at length, but not 
sufficiently to demonstrate clearly the inhibitory effects of either of 
these agents Most investigators believe that they have some 
evidence of inhibition but none of them considers the matter settled 
Lanolin may or may not be efficacious as we could only read tlie 
abstract taken from a Japanese journal A general statement is 
made about saponin Sodium oleate would seem to be a very suitable 
agent to use The work done indmes one to believe that inhibition 
may be obtained if the proper sequence of dosage and time be worked 
out 

Chemicals Among this mass of agents, salts, acids, bases and one 
oil, we have found seven substances by means of which the investi- 
gators have been definitely able to inhibit shock within the limits of 
the experiment Baniim chlonde, barium sulphate, benzol, certain 
mineral waters, sodium bicarbonate, sodium sulphate and sodium 
chlonde, have all been used, mineral waters and sodium chloride have 
been studied quite extensively In order to protect the animal by the 
latter it must be given in such large doses that sickness and death 
frequently result from the therapeusis 
The mvestigapons of guanidine and neoarsphenamine have been 
good but corroboration is needed before definite proof of inhibition is 
to be accepted 



154 


JUSTINA H HILL ANB LAY MARTIN 


Almond oil injected just before the second dose of antigen has been 
used with inconclusive results 

The amount of work done with atropin is large It is described 
under this heading as the best results, i e , in preventing shock, are 
obtained when it is given just before the second injection of antigen 
Well controlled investigations have given results which satisfactorily 
demonstrate the abihty of this drug to inhibit shock 

The investigations with chloride or sulphate of barium, with Bayer 
205 and with narcotics have been described Those with manganese 
chloride, sodium mtrite, talhamine, adrenahn and pilocarpm are 
inconclusive 

Oxygen inhalations and stovain intravenously seem to give some 
inhibition, but the subject needs further study 

The physical methods used such as lowering of barometric pressure 
and chilling protected a certain number of the ammals, x-ray radiation 
was given without effect 

HD TREATMENT AFTER THE SECOND INJECTION OE ANTIGEN 

It IS very difficult to evaluate the investigations falling within this 
group In the first place little has been done, adrenalin and urethane 
have been used in combination, potassium permanganate was tested 
on only one animal; talliamine was tested on a small number and may 
have prolonged life The work on calcium chloride is equally incon- 
clusive Some of these substances may give protection, but none has 
been definitely demonstrated 

HE TREATMENT BEFORE AND DURING SENSITIZATION 

In this group are included x-ray, trypan blue and starvation, none 
of which gave defimte protection 

SUMMARY OF AGENTS INmBITING ANAPHYLAXIS 

After analysis of the protocols of the studies reported in the addenda, 
we have summarized those agents for which conclusive evidence of the 
inhibition of anaplylactic shock has been presented Our criteria 
have included the number of controls, the number of treated ammals, 
and the titration of the antigen We have not included m this list 
agents which have been reported without careful protocols This does 
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not mean that such work is necessarily unsound, but without such 
protocols it has been impossible to make accurate analyses of the 
experiments With these restrictions in mind we have collected from 
the records in the addenda the agents for which there is conclusive 
evidence of inhibitory action These are presented in the following 
list 

Agents for tVnicn TnERE is Covclosive CnDENCE or Iniubiiorv Action 

1 Atropine, gi\ cn before the second injection of antigen 

2 Barium chlonde, given before, or added to, the second dose of antigen 

3 Barium sulphate, given after the second injection of antigen 

4 Reduction of barometnc pressure, after the second injection of antigen 

5 Benzol in large doses, before and dunng sensitization 

6 Trephination before the second injection of antigen 

7 Calcium chloride with and after the second injection of antigen (Clinical use ) 

8 Chloral h> dratc before the second injection of antigen 

9 Heatingofthescruraantigen 

10 Hepann before the second injection of antigen 

1 1 Intercurrent infection with tuberculosis 

12 Saccharated iron oxide dunng the sensitization period 

13 Mercuroebrome 220 

14 Milk(aolan) 

15 Certain mineral waters dunng the sensitization penod 

16 Multiple sensitization and treatment with one of the several antigens 

17 Sodium, bicarbonate before the second injecUon of antigen 

18 Sodium carbonate before the second injection of antigen 

19 Sodium chlonde before the second injection of antigen 

20 Sodium formaldehyde sulphoxylatc, added to the second dose of antigen 

At this time there is too little knowledge of the exact method of 
action of this diversified group of 18 agents to allow conclusions of any 
value to be drawn from them It should also be remembered that 
their efficiency can be recognized only within the definite limits of the 
investigative work 

There are a number of agents concerning which there is incomplete 
but possible evidence of inhibitory action These agents are presented 
m the following list 

Agents tok "WHicn These Is IhcoiipEETE »ut Possible Evidence of Inhibitory 

AcnoN 

1 Adrenalm, before and after the second injection of antigen 

2 Alcohol treatment of the serum antigen 

3 Allocaine before the second injection of antigen 

4 Ammonium sulphate precipitation of the serum antigen 
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5 Anaphylatoxin, given before the second injection of antigen 

6 Antitrypsin, given before the second injection of antigen 

7 Arsenobenzene, injected intravenously into animals later bled to supply the 

second dose of antigen 

8 Chloroform, given intravenously before the second injection of antigen 

9 Cholesterm, before or added to the second dose of serum antigen 

10 Chohn Hydrochlonde before the second dose of antigen 

1 1 Complement fixation, before the second dose of antigen 

12 Egg fat, before the second dose of antigen 

13 Ether, given intravenously before the second dose of antigen 

14 Hydrogen peroxide treatment of the antigen 

15 Ink, during sensitization, or given ammals later bled to supply the second dose 

of antigen 

16 lodinization of the serum antigen 

17 Kephahn, before the second injection of antigen 

18 Lecithm, before the second mjection of antigen 

19 Manganese chlonde, before the second mjection of antigen 

20 Neoarsphenamme, m passive anaphylaxis 

21 Oxygen, before the second injection of antigen 

22 Peptone, before the second mjection of antigen 

23 Pilocarpme hydrochlonde, before or with the second dose of antigen 

24 Pregnancy 

25 Roentgen ray 

26 Seed extracts 

27 Serum fractions 

28 Serum globuhn 

29 Serum, normal 

30 Sodium hyposulphite with the second dose of antigen 

31 Sodium lodoxybenzoate, before the second mjection of antigen, in skin tests 

32 Sodium oleate 

33 Starvation 

34 Temperature reduction of the sensitized animal before shock 

35 Thyroidectomy 

36 Thyroid extract m small amounts by mouth two days before shock 

37 Ultra-violet hght irradiation of the serum antigen used for shock. 

38 Unne from anaphylactic animals 

39 Vagotomy, before the second mjection of antigen 

40 Vitamine C deficiency durmg sensitization 

41 VTiey, given before the second mjection of whole nulk. 


SUMALMiY OP AGENTS WHICH INTENSIFY SHOCK 

Among the agents that intensify shock we find a number which also 
may inhibit it, depending usually upon the dosage Intercurrent infec- 
tion, which apparently may either intensify or dimmish shock, acts in 
an entirely unknown manner. 
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Agents tor Wincn There Is Some Evidence oe Intensieyino Action 

1 Adrenakctoroy, before the second injection of antigen 

I Benzol, in small doses before and during sensitization 

3 Heterophile antigen, before the second injection of antigen 

4 Intercurrent infection during sensitization, or before sensitization 

5 Quinine, before the second injection of antigen 

6 Sodium citrate, before the second injccUon of antigen 

7 Sodium persulphate, before the second injection of antigen 

8 Thjroid gland eztract by mouth, in large amounts, before the second injection 

of antigen 

9 Trypan blue 

10 Vitamine B deficiency during the sensitization period 

II Mud from Hot Spnngs 

THEORIES TO EXPLAIN MODE OF ACTION OF INIirBmNG AGENT 

The theory most m vogue at present is that of changes of colloidal 
equihbnum Such changes, involving an increased viscosity and 
lowered surface tension of the blood, have been shown to have been 
brought about by certain mineral waters and by ether or chloroform 
given intravenously It seems probable also that many of the agents 
studied cause such changes, although they have not been studied from 
this point of view 

The theory of reltculo-cndolhchal block has been advanced by 
vanous investigators working with ink, saccharated oxide of iron, 
lanolin and other agents Such block is supposed to work in one 
of two ways, first, by plugging the reticulo endothelial system before 
the first administration of antigen, and second, by blocking the 
reticulo-endothehal system of the sensitized ammal and therefore 
preventing shock There is, however, no authoritative evidence that 
these agents do inhibit shock, nor that, should they protect, that thev 
would do so by such a blockade Furthermore, there is no evidence 
that it IS possible to blockade the reticulo endothelial cell completely 

The theory of exhaustion of antibodies by a non-specific protein is 
comparable to that observed in vitro in complement fixation Under 
this group may be listed intercurrent infection, the injection of 
heterologous sera, of peptone, of anaphylatoxins, of serum fractions, of 
whey protein, or sensitization with several antigens Intercurrent 
infection is the only one of these agents which has been definitely 
proven to inhibit shock except for multiple sensitization and treat- 
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ment with one of the antigens This theory is entirely unproved and 
these agents may act in some other, as yet imknown way 

The theory of iieurogemc action may be utihzed to explain the dimi- 
nution of anaphylactic shock m guinea pigs brought about by the use 
of atropine and adrenahn There is defimte knowledge that atropme 
wiU inhibit shock in gumea pigs and probably this is by its action on 
the vagus Adrenahn has not been definitely shown to inhibit shock, 
but in the experiments recorded, the action may be mterpreted as 
being due to the direct action of the drug on the sympathetic system 
The action of chloroform and of ether as anesthetics is entirely un- 
known 

Action by a modification of antibody production is of particular 
interest because it may be stretched to cover almost any body reaction 
Of the agents which have been found to have some such probable 
inhibition, 3 vaneties are found 

First, such agents as benzol, which is thought by some to have a 
direct action on antibody production 

Second, agents generated within the body itself as a result of 
metabohc changes, as for example, vitamm B or C deficiency, starva- 
tion or pregnancy 

Third, agents which produce changes indirectly in antibody pro- 
duction, as by the removal of certam organs Thyroidectomy has 
been conclusively shown to decrease markedly the abihty of the 
animal so treated before sensitization to respond with the same degree 
of shock as the controls 

A number of agents have been used because they in themselves 
induce shock in some way similar to anaphylactic shock Peptone, 
anaphylatoxins, urme from guinea pigs that have had anaphylactic 
shock, are examples of such agents No conclusive work has been 
done to show that any protection obtained vnth such agents is due to 
their shocking properties 

On the other hand, a number of agents have been tried because they 
produce results opposite to those foimd in anaphylactic shock Chief 
of these are substances which increase the blood pressure, such as 
banum chlonde and adrenahn, drugs which relax the bronchial 
muscles, such as atropme or adrenalin, and agents, such as the nar- 
cotics, which afiect the central nervous system Lowermg of the 



NON-SPECiriC INIIIBIXION OP ANAPHYLACTIC SHOCk 


159 


barometnc pressure has also been used because it produces results 
which are, as a whole, opposed to the effects of anaphylactic shock 
Starvation has been used because of its accompanying leucopenia, 
which uas supposed to offset the leucocytosis observed in shock 
Certain other theories have been advanced of which there is even 
less conclusive support than for those just discussed Among this 
last group are agents which exhaust complement, which increase the 
blood jolmuc, as in pregnancy or the administration of sodium chloride, 
or saturate the precipitable elements of the blood as barium sulphate 
The theory of modifying the specific nature of the antigen has been 
discussed previously It is futile to enter into detail in regard to these 
theones, as not one has been proved, their very divetsity signifying 
how utterly confused has been the entire problem 
In summary, i\e know of no facts or any theory which will evplain 
conclusively the definite non-speafic inhibition of anaphylactic shock 
that is produced by a variety of agents It is well w orth the endeavor 
of chemists, physicists, physiologists, immunologists and dimcians to 
throw further light upon this problem 

ADDENDA 

Discussiov or Agents, in Alpuabeiicai. Order 
Acetone 

Sur&ny\ and Jarno,m 1928, obtained no inhibition of shock nhen the serum used 
for the second injection had been treated with acetone All five of the animals 
given treated serum died, as well as the five guinea pigs given normal serum 
These experiments were controls for more successful tests with cholestenmzed 
serum 


Adrenalectomy 

Ksptncnv, m 1922, found that upon the removal of the suprarenal tissue, gumea 
pigs could be Med by 0 025 cc o{ serum, whereas the controls required 0 1 cc 
The number of controls was not stated This is one of the rare instances of ap 
parent intensification of shock 


Adrenalin 

Anderson and Schultz m 1909 made an. exceptionally well controlled stud> of 
the action of this drug m experimental anaph>laxis Thirty days after mtra 
orbital sensitization, guinea pigs were treated before the second injection of anti- 
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gen, probably given intravenously The exact interval between treatment and 
shock was not stated No animals were treated with adrenalm alone, the drug 
being given intrapentoneally simultaneously with the mtravenous admmistration 
of chloral hydrate and urethane, or with artificial respiration with oxygen, or with 
all three The results may be summarized as follows 


TREATMENT 

TOTAL 

DIED 

Ll^ 

Number 

:ed 

Per cent 

Adrenahn, chloral hydrate and urethane 

12 

■1 

5 

41 

None 

12 


2 

16 

Adrenalin, chloral hydrate and urethane, and 





artificial respiration with oxygen 

12 

4 

8 

66 6 

None 

13 

11 

2 

15 

Artificial respiration only 

16 

9 


43 

None 

16 

13 


18 


Unfortunately, owing to the combmed treatment, the exact role of the individ- 
ual agents cannot be determined Certamly the best results were obtained by 
treatmg ivith all four In every series the difference between the treated animals 
and the controls was strikmg This is one of the few papers m which combmed 
treatment was given, a field which offers unlmuted opportimity for further study 

In 1918 Pelz a»d Jackson, sensitized dogs with 3 injections of horse serum, or of 
egg white It was found that adrenalm was of value if given early after the shock- 
mg dose of antigen, but of no value if not given until the spasm had thoroughly 
developed The expenments were not comparable to those m which treatment 
preceded the shockmg dose of antigen 

Hanzhk and Karsner m 1920, studymg the action of adrenalm m shock from 
many different substances, reported a few expenments with serum anaphylaxis 
No imtreated controls were given for these particular expenments In all, only 
4 sensitized guinea pigs were treated with adrenahn, given intravenously either 
just before, with, or after the shockmg dose of antigen Two animals died and 2 
survived after shock, with marked dyspnoea Nevertheless, the authors concluded 
that “when mjected together with the antigen or immediately precedmg it, epi- 
nephrme m the dosage of 0 0005 cc of 1 10,000 per gram of body weight intra- 
venously prevents death from true anaphylactic shock m gumea pigs ” For 
obvious reasons, such conclusions do not seem justified by the evidence presented 
m the paper 

Galambos, m 1913, treated serum-sensitized gumea pigs with mtravenous ad- 
renahn before the second mjection of antigen by the same route The lethal doses 
of antigen and of adrenahn were determmed In all, 12 animals received nV mgm 
of adrenalm, followed by multiple lethal doses of antigen from 15 to 75 mmutes 













NON-SPECIFIC INHIBITION OF ANAPHYL-ICTIC SHOCt 


161 


later In many instances, only one animal was used for each variation of antigen 
and of time interval In general, however, there was evidence that protection 
might be obtained with adrenalin against 3, or rarely more, lethal doses of antigen 
The authors also seemed justified m concludmg that the time of treatment was 
important Too few experiments were done with other dosages to warrant any 
conclusions, including one cxpenraent in which both atropine and adrenahn were 
gi\en 

Lay Sold and Tzanck m 1923 failed to save either of 2 gumca pigs by adding 
non lethal doses of adrenahn to the shochmg dose of scrum, given intracardially 
Not only was the senes negligibly small, but no determination of the lethal dose 
ol antigen was made The amount given, 1 cc , from which all of the controls 
died, probably represented many lethal doses These authors cited without 
reference the work of Garrelon, Santenoise and Tirrel, which we have been unable 
to trace 

Summary (1) No conclusive evidence is offered by Hanzlik and Karsner, nor 
by Levy Solal and Tzanck that adrenalm modifies shock when corabmed with the 
second dose of antigen 

(2) Some evidence, not wholly convincing, has been presented by Galambos to 
show that adrenahn alone may protect when given before the shocking dose of 
anbgen Anderson and Schultz combined adrenalin with other treatment, so 
that the exact r61c of the adrenalm could not be determmed 

(3) Some protective action of adrenalin, given dogs soon after the shocking dose 
of antigen, has been shown by Pelz and Jackson 

Agar 

Besredka, m 1920, faded to mhibit shock by giving agar mtravenously This 
paper, which gave no protocols, is discussed under “Anaphylatoxm ” It is 
inconclusive 


Aging of antigen 

Besredka, m 1907 b, found that although the act of agmg serum dimmished its 
toxicitj, some shockmg efiect could be obtained even with a 13 year old sample 

Rosenau and Anderson, m 1908, however, found sera from 2 to 118 days old 
markedly toxic 

Although this agmg of the antigen is obviously closely related to specific de- 
sensilization, it is cited here as an instance of attempted modification of the 
antigen 


Albumoses 

Heyde, in 1912, obtained no modification of shock by treatmg serum sensitized 
animals with albumoses 3 days before shock Although no protocols were given 
the work seems to have been adequate controlled 
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Alcohol 

Rosenau and Anderson, m 1906, treated 25 cc of serum -with from 5 to 10 cc of 
95 per cent alcohol The mixture was kept at 15°C for 40 hours and then filtered 
Two sensitized guinea pigs which received 6 cc of this filtrate mtrapentoneaU}’' 
died, as well as the animals receivmg the same amount of untreated serum 
Three animals survived the mjection of 3 cc of the treated serum Other controls 
given 0 1 cc of the untreated serum died, so that 3 cc represented about 30 lethal 
doses 

Besredka, in 1908, stated that he obtained inhibition of shock by the narcotic 
effect of alcohol No protocols vere given 

A llocaine 

Lumikre and Ensehne, m 1926, treated sensitized gumea pigs mtravenously with 
2 5 mgm of allocame m 0 5 per cent solution and found that they then resisted 
amoimts of antigen lethal for an unstated number of controls 

Almond oil 

Achard and Flandin, m 1911, obtamed no mhibition of shock by givmg from 5 
to 20 cc of almond oil just before shock The experiments were not conclusive 

Ammonium sulphate 

Rosenau and Anderson, m 1906, obtamed questionable inhibition of shock by 
preapitation of the serum antigen with ammonium sulphate Subsequent dia- 
lysis removed the sulphate and other morgamc salts Six cubic centimeters of 
this filtrate mjected mtrapentoneally caused death m 1 gumea pig, 5 cc killing 
1 of 2 Controls were killed with 6 cc of untreated serum This antigen dosage 
was high, because the authors showed that 0 1 cc of serum usually killed suscep- 
tible animals 


Anaphylaloxin 

Lurd, m 1912, failed to mhibit shock by treatmg 2 sensitized gumea pigs with 
Baallus prodigiosus anaphylatoxm, given mtrapentoneally 24 hours before shock 
■with 1 lethal dose of antigen Although both untreated controls and anaphyla- 
toxm controls ■were used, no conclusions can be drawn from so small a senes 

Aronson, m 1912, gave sensitized gumea pigs sub-lethal doses of BaciUus pro- 
digiosus anaphylatoxm mtravenously 1 day before the second mjection of the 
anhgen All of the treated animals hved and all of the imtreated animals died 
Their number ■was not given 

Besredka, m 1920, made a general statement that sensitized animals, treated 
mtravenouslj’^ mth suspensions of agar, were not protected against a mimmuTn 
lethal dose of antigen 

Dale and Kellaway, m 1923, concluded that “acqmred tolerance to anaphjda- 
toxm does not mvolve desensitization of the anaphylactic animal, nor does specific 
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desensiUzation involve tolerance to anaphjlatovm " This seems to have been 
clearly shown for both passively and actively sensitized guinea pigs, when the 
second injection of antigen followed from 3 to 25 minutes after the administration 
of anaphylatoxin However, when the shockmg dose of antigen was not given 
until 25 hours after the injection of anaphylatovin, none of the 3 anunals so treated 
had shock In another senes anaphylatovm immune scrum failed to protect 1 
animal shocked 5 mmutes after treatment But because normal serum also par- 
tially protected 1 animal shocked 70 minutes after treatment, the authors con- 
cluded that the protection obtained by the immune serum was not due to its 
immune qualities It is unfortunate that m these carefully controlled and beau- 
tifully planned evperunents, much larger senes of test anunals were not used 
Summary In spite of the importance which this aspect of the problem would 
seem to have upon the relation of anaphylatoxin shock and anaphylactic shock, 
there is no conclusive evidence as to whether anaphylatoxin shock does or does not 
mhibit anaphylactic shock Further studies along this line, with some quantita- 
tive determmation of the amount of protection obtained, if any, would certamly 
be of interest Protection with anaphylatoxin agamst anaphylactic shock, how- 
ever, would not be proof of the identity of the two types of shock 

Antmal charcoal 

Besredka, m 1907, found that contact of the serum antigen with animal char- 
coal did not reduce the toxiaty of the serum 

Anlilrypstn 

The question of changes in the antitrypsm content of serum m anaphylactic 
shock mvolves many complexities 

Sclismann, in 1912, reported investigations sbowmg that the antitrypsm m 
crease in shock was not marked 

Ando, m 1913, was also unable to demonstrate any specific increase of antittyp 
sin in anaphylactic shock, that is, the mcrcase was no greater than after the sen- 
sitizmg mjection of antigen, or after the injection of an heterologous substance 

Jobhng and Peterson, m 1914, further complicated the question They showed, 
to their satisfaction, that antitrypsm was an acetone soluble lipoid, which could be 
obtamed from serum or egg yolk, and that the injection of such an extract raised 
the antitrypic titre of normal serum They concluded that, by treating sensitized 
anunals with the subcutaneous injection of antitrypsm before the second mjection 
of anUgen, gumea pigs could be made refractory to shock, because of the increase 
of antitrypsm m their serum An analysis of the protocols presented makes it 
difficult to regard the conclusions as entirely justified, on account of the small 
number of animals used Thus, m the antitrypsm series, of the 3 treated animals, 
1 died and 2 hved, while both of the comparable controls died It is possible that 
m a larger series, some of the controls might have lived, or more of the treated 
animals have died The results with lipoid free antigen are inconclusive for the 
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from the lethal effects of 0 1 cc of horse serum antigen per 100 grams of body 
weight In another set of animals, sensitized to swme serum and given a shockmg 
dose of antigen of 0 3 cc per 100 grams of body weight, 1 of the 6 treated animals 
hved 

Karsner and Nutt, in 1911, approached the problem by determming a constant 
Tninimum lethal dose of shockmg serum The dosage of atropme was raised until 
the minimum protective dose was found The shocking dose of serum was then 
mcreased and the mmimum amount of drug necessary to protect was redetermined 
This method was contmued up to the to\ic limits of atropine Both drug and 
antigen were given intravenously 

2 mgm of atropine protected 1 animal against 0 4 cc of serum 

2 mgm of atropme protected 1 animal agamst 0 6 cc of serum 

7 mgm of atropme protected 1 animal against 0 8 cc of serum 

25 mgm of atropme protected 1 animal agamst 1 0 cc of serum 

Protocols were not given for the controls, but the results of Karsner and Nutt 
were suflaciently definite to be of great value 

Galambos in 1913, gave 1 animal for each variation different amounts of atropme 
at different times before multiple lethal doses of shockmg antigen Although 
controlled, the experiments are difficult to evaluate and m oim opmion the author 
has little justification for his conclusions that atropme does protect, and that the 
time of treatment and dosage are important 

Pelz and Jackson, m 1918, workmg with dogs, foimd that atropme was of no 
value if given after the shocking dose of antigen 

In 1920 Eandik and Karsjier treated two senun-sensitized gumea pigs with 
atropine, 3 and 5 mgms No controls were given, but the authors concluded that 
atropine could partially protect agamst serum shock This conclusion hardly 
seems justified from the expenments ated 

Leroy-Solal and Tzanck, in 1923, in uncontrolled experiments, found that animals 
had shght or no shock when atropme was given with the shockmg dose of antigen 
Stoland and Sherwood, m 1923, usmg the excised, sensitized, uterme muscle of 
virgm g uin ea pigs and 1 per cent solutions of atropme, found that the response of 
the sensitized muscle to the specific antigen was prevented by atropme Larger 
doses of atropme did not increase the muscle tone so much as small ones 

Ztmz and LaBarre, m 1924, found that 1 mgm of atropme per 100 grams of 
weight prevented anaphylactic shock if given mtrapentoneally to sensitized 
animals 20 to 35 mmutes before the mtravenous mjection of 1 mmimum lethal 
dose, or slightly more, of antigen In the treated animals that were completely 
protected, the surface tension and reaction of the blood remamed normal From 
0 25 to 0 5 mgm of drug per 100 grams did not protect and the surface tension and 
hydrogen lon concentration of the blood were dimmished as m the controls It 
IS imfortunate that the authors did not present protocols of either controls or of 
the treated animals 

Smnmary The work of any value which has been done that tends to show the 
favorable effect of atropme on anaphylaxis is small Auer’s expenments are good. 
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but he did not repeat his onI> successful one Karsner and Nutt have shown that 
some protection can be obtained The reports b> Bicdl and Kraus and b> Zunz 
and La Barre contain no protocols 

On the other hand, there are three well controlled investigations b> Mita, by 
Friedberger, and b> Anderson and Shultz, which show no evidence of the effec 
tiveness of atropine in allaying shock 

The work of Stoland and Sherwood, well done though it is, seems of questionable 
value masmuch as we do not know that tii atro effects can be interpreted as sunilar 
to those occunng i» vt o 

The outstanding factor m fa%oc of the correctness of Auer’s work is that he 
used larger doses tlnn those who wtro unable to corroborate his \sork To this 
one must add the quite conclusive uork of Karsner and Nutt shomng that large 
amounts of atropme are necessary to protect against increasing amounts of the 
shocking dose of antigen 

Bartnm chloride 

Bicdl and Kra is, m 1909, employed banum chloride m dogs Although no 
protocols or dosages ucre given, the authors concluded that after the blood pres- 
sure of sensitized dogs had been raised with banum chlondc, the subsequent ad- 
mmistration of a shocking dose of antigen failed to cause the drop m blood pressure 
charactenstic of anaph> lactic shock Even i\hcn treatment was not gi\en until 
after shock, when the blood pressure had reached its louest le\el, i nse of pressure 
could be obtamed nith banum chlonde 

Pfeifer and Jartsch, in 1913, working with gumea pigs, found that banum 
chlonde gave definite protection 'when injected intrapentoneally m doses from 
0 005 to 0 05 gram, 30 minutes before the intrapcntoneal injection of the shocking 
dose of antigen These expenments weTC •well controlled They are not stnctlv 
comparable to those of other workers, who used lethal doses of antigen, as Pfeiffer 
and Jansch gave doses of antigen small enough to allow a study of temperature 
changes m mild shock Other experiments m this same paper, however, are 
comparable, and showed that protection was obtamed when 0 004 gram of banum 
chlonde were given before the intravenous mjection of the shocking dose of anti- 
gen In other experiments, banum chlonde -was added to the shocking dose of 
antigen, m the proportion of 8 7 cc of serum and I 3 cc of a 10 per cent soluUon 
of the drug Two cubic centimeters of this mLxture protected the 6 treated 
animals Four controls died 

Summary The work of Biedl and Kraus cannot be evaluated on account of 
the lack of details The stud> of Pfeiffer and Jansch offers valid evidence that 
anaphylactic shock can be inhibited with barium chlonde, given either before or 
with the shocking dose of antigen 

Barium sulphate 

humxire and Couturier, in 1921 a showed that the mtracardial injection of 0 5 
cc of 0 265 per cent emulsion of banum sulphate, gi\ en just before the intiacardial 
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from the lethal effects of 0 1 cc of horse senrm antigen per 100 grams of body 
■weight In another set of animals, sensitised to swme serum and given a shockmg 
dose of antigen of 0 3 cc per 100 grams of body -vv'eight, 1 of the 6 treated animals 
hved 

Karsner and NuU, in 1911, approached the problem by detennmmg a constant 
nunimum lethal dose of shockmg serum The dosage of atropme was raised until 
the minimum protective dose was found The shockmg dose of serum was then 
mcreased and the mmimum amount of drug necessary to protect was redetermined 
This method was contmued up to the toxic limits of atropine Both drug and 
antigen were given intravenously 

2 mgm of atropme protected 1 animal against 0 4 cc of serum 

2 mgm of atropme protected 1 animal agamst 0 6 cc of serum 

7 mgm of atropme protected 1 animal agamst 0 8 cc of serum 

25 mgm of atropine protected 1 animal agamst 1 0 cc of serum 

Protocols were not given for the controls, but the results of Karsner and Nutt 
were sufficiently deffiute to be of great value 

Gaiamhos m 1913, gave 1 animal for each vanation different amounts of atropme 
at different tunes before multiple lethal doses of shockmg antigen Although 
controlled, the experiments are difficult to evaluate and m our opmion the author 
has httle justification for his conclusions that atropme does protect, and that the 
tune of treatment and dosage are important 

Peh and Jackson, m 1918, workmg with dogs, found that atropme was of no 
value if given after the shockmg dose of antigen 

In 1920 Eandtk and Karsner treated two serum-sensitized guinea pigs with 
atropme, 3 and 5 mgms No controls were given, but the authors concluded that 
atropme could partially protect agamst senun shock This conclusion hardly 
seems justified from the expenments ated 

Levy-Solal and Tzanck, m 1923, m imcontrolled expenments, found that animals 
had shght or no shock when atropme was given with the shockmg dose of antigen 
Stoland and Sherwood, in 1923, usmg the excised, sensitized, utenne muscle of 
virgm gumea pigs and 1 per cent solutions of atropme, found that the response of 
the sensitized muscle to the specific antigen was prevented by atropme Larger 
doses of atropme did not increase the muscle tone so much as small ones 

Zxmz and LaBarre, m 1924, found that 1 mgm of atropme per 100 grams of 
weight prevented anaphylactic shock if given mtrapentoneally to sensitized 
ammals 20 to 35 mmutes before the mtravenous mjection of 1 mmimum lethal 
dose, or shghtly more, of antigen In the treated animals that w-ere completely 
protected, the surface tension and reaction of the blood remamed normal From 
0 25 to 0 5 mgm of drug per 100 grams did not protect and the surface tension and 
hydrogen ion concentration of the blood were dimimshed as m the controls It 
IS unfortimate that the authors did not present protocols of either controls or of 
the treated animals 

Summary The w'ork of any value which has been done that tends to show the 
favorable effect of atropme on anaphylaxis is small Auer’s experunents are good. 
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but he did not repeat his onlj successful one Karsncr and Nutt have shown that 
some protection can be obtained The reports by HiedI and Kraus and by Zunz 
and La Barre contain no protocols 

On the other hand, there arc three well controlled investigations by Mita, by 
Tricdberger, and by Anderson and Shultz, which show no evidence of the effec- 
tiieness of atropme in allajing shock 

The work of Stoland and Sherwood, well done though it is, seems of questionable 
value masmuch as we do not know that ih ulro effects can be interpreted as sunilar 
to those occuring in I'l o 

The outstanding factor in favor of the correctness of Auer’s work is that he 
used larger doses than those who were unable to corroborate his work To this 
one must add the quite conclusive work of Karsner and Nutt showing that targe 
amounts of atropme are necessary to protect against inaeasing amounts of the 
shocking dose of antigen 

Barium chloride 

Biedl and Kraus, in 1909, employed barium chloride in dogs Although no 
protocols or dosages were given, the authors concluded that after the blood pres- 
sure of sensitized dogs had been raised with banum chloride, the subsequent ad- 
ministration of a shocking dose of antigen failed to cause the drop m blood pressure 
charactenstic of anaphylactic shock Even when treatment was not given until 
after shock, when the blood pressure had reached its lowest level, a rise of pressure 
could be obtamed with banum chlonde 

Pfetjer and Jansch, in 1913, working witli guinea pigs, found that banum 
chlonde gave definite protection when injected mtraperitoneally in doses from 
0 005 to 0 05 gram, 30 minutes before the mtrapentoneal injection of the shocking 
dose of antigen These experiments were well controlled They are not strictly 
comparable to those of other workers, who used lethal doses of antigen, as Pfeiffer 
and Jansch gave doses of antigen small enough to allow a study of temperature 
changes in mild shock Other czpenments in this same paper, however, are 
comparable, and showed that protection was obtamed when 0 004 gram of banum 
chlonde were given before the mtravenous mjection of the shocking dose of anti 
gen In other expermients, barium chlonde was added to the shockmg dose of 
antigen, m the proportion of 8 7 cc of serum and 1 3 cc of a 10 per cent solution 
of the drug Two cubic centimeters of this mixture protected the 6 treated 
animals Four controls died 

Summary The work of Bicdl and Kraus cannot be evaluated on account of 
the lack of details The study of Pfeifier and Jansch offers valid evudence that 
anaphylactic shock can be mhibited with banum chlonde, given either before or 
with the shocking dose of antigen 

Barium sulphate 

Lumihre and Coutimer, in 1921 a showed that the mtracardial injection of 0 5 
cc of 0 265 per cent emulsion of banum sulphate, given just before the mtracardial 
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from the lethal effects of 0 1 cc of horse serum antigen per 100 grams of body 
weight In another set of animals, sensitized to swme serum and given a shockmg 
dose of antigen of 0 3 cc per 100 grams of body weight, 1 of the 6 treated animals 
hved 

Karsner and Nutt, in 1911, approached the problem by determmmg a constant 
minimum lethal dose of shockmg serum The dosage of atropme was raised until 
the imnimum protective dose ivas foimd The shockmg dose of serum was then 
mcreased and the mmimum amount of drug necessary to protect was redetermined 
This method was contmued up to the toxic limits of atropme Both drug and 
antigen were given intravenously 

2 mgm of atropme protected 1 animal against 0 4 cc of serum 

2 mgm of atropme protected 1 animal agamst 0 6 cc of serum 

7 mgm of atropme protected 1 animal agamst 0 8 cc of serum 

25 mgm of atropine protected 1 animal agamst 1 0 cc of serum 

Protocols were not given for the controls, but the results of Karsner and Nutt 
were sufficiently defimte to be of great value 

Gcdambos m 1913, gave 1 animal for each vanation different amounts of atropme 
at different tunes before multiple lethal doses of shockmg antigen Although 
controlled, the experiments are difficult to evaluate and m our opinion the author 
has little justification for his conclusions that atropme does protect, and that the 
time of treatment and dosage are important 

Pelz and Jackson, m 1918, workmg with dogs, found that atropme was of no 
value if given after the shocking dose of antigen 

In 1920 Hanzltk and Karsner treated two serum-sensitized gumea pigs with 
atropme, 3 and 5 mgms No controls were given, but the authors concluded that 
atropme could partially protect agamst serum shock This conclusion hardly 
seems justified from the expenments cited 

Levy-Solal and Tzanck, m 1923, m uncontrolled expenments, found that animals 
had shght or no shock when atropine was given with the shocking dose of antigen 
Stoland and Sherwood, m 1923, usmg the excised, sensitized, uterme muscle of 
virgm gumea pigs and 1 per cent solutions of atropme, found that the response of 
the sensitized muscle to the specific antigen was prevented by atropme Larger 
doses of atropme did not increase the muscle tone so much as small ones 

Zunz and LaBarre, m 1924, found that 1 mgm of atropme per 100 grams of 
weight prevented anaphylactic shock if given mtrapentoneally to sensitized 
animals 20 to 35 mmutes before the intravenous mjection of 1 mmimum lethal 
dose, or slightly more, of antigen In the treated animals that were completely 
protected, the surface tension and reaction of the blood remamed normal From 
0 25 to 0 5 mgm of drug per 100 grams did not protect and the surface tension and 
hydrogen ion concentration of the blood were dimuushed as m the controls It 
IS unfortunate that the authors did not present protocols of either controls or of 
the treated animals 

Summary The work of any value which has been done that tends to show the 
favorable effect of atropine on anaphylaxis is small Auer’s expenments are good. 
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but he did not repeat liis only successful one Karsner and Nutt have shou-n that 
some protection can be obtained The reports b> Biedl and Kraus and by Zunz 
and La Barre contain no protocols 

On the other hand, there arc three well controlled investigations bj Mita, by 
Friedberger, and by Anderson and Shultz, nhich show no evidence of the effec- 
tiveness of atropine m allaying shod. 

The work of Stoland and Sherwood, well done though it is, seems of questionable 
value inasmuch as we do not know that in vilro effects can be interpreted as similar 
to those occunng m .i o 

The outstandmg factor m favor of the correctness of Auer’s work is that he 
used larger doses than those who were unable to corroborate his work To this 
one must add the quite conclusive work of Karsner and Nutt showing that large 
amounts of atropine are necessary to protect agamst mcreasing amounts of the 
shocking dose of antigen 

Barium chloride 

Bicdl and Kraut, in 1909, employed banum chloride m dogs Although no 
protocols or dosages were given, the authors conduded that after the blood pres- 
sure of sensitized dogs had been raised with banum chlonde, the subsequent ad- 
ministration of a shocking dose of antigen failed to cause the drop in blood pressure 
characteristic of anaphylactic shock Even when treatment was not given until 
after shock, w hen the blood pressure had reached its low est lev el, a nse of pressure 
could be obtamed w ith banum chlonde 

Pfeifer and Jaritck, m 1913, working with guinea pigs, found that barium 
chlonde gave definite protection when mjcctcd intraperitoneally in doses, from. 
0 005 to 0 05 gram, 30 mmutes before the intrapentoneal mjection of the shocking 
dose of antigen These expenments were well controlled They are not stnctly 
comparable to those of other workers, who used lethal doses of antigen, as Pfeiffer 
and Jansch gave doses of antigen small enough to allow a study of temperature 
changes in mild shock Other experiments m this same paper, however, are 
comparable, and showed that protection was obtamed when 0 004 gram of barium 
chloride were given before the mtravenous injection of the shocking dose of anti 
gen In other experunents, barium chlonde was added to the shocking dose of 
antigen, m the proportion of 8 7 cc of serum and 1 3 cc of a 10 per cent solution 
of the drug Two cubic centimeters of this mixture protected the 6 treated 
animals Four controls died 

Summary The work of Biedl and Kraus cannot be evaluated on account of 
the lack of details The study of Pfeiffer and Jansch offers valid evidence that 
anaphylactic shock can be mhibited with banum chlonde, given either before or 
with the shocking dose of antigen 

Barium sulphate 

Lumilre and Couturier, m 1921 a showed that the mtracardial injection of 0 5 
cc of 0 265 per cent emulsion of banum sulphate, giv en just before the mtracardial 
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from the lethal effects of 0 1 cc of horse serum antigen per 100 grams of body 
weight In another set of animals, sensitized to swme serum and given a shockmg 
dose of antigen of 0 3 cc per 100 grams of body weight, 1 of the 6 treated animals 
hved 

Karsner and Nutt, in 1911, approached the problem by determimng a constant 
mi nim um lethal dose of shockmg serum The dosage of atropme was raised until 
the minimum protective dose was foimd The shockmg dose of serum was then 
increased and the minimum amount of drug necessary to protect was redetermined 
This method was continued up to the toxic limits of atropme Both drug and 
antigen were given intravenously 

2 mgm of atropme protected 1 a nim al against 0 4 cc of serum 
2 mgm of atropme protected 1 animal agamst 0 6 cc of serum 
7 mgm of atropme protected 1 animal agamst 0 8 cc of serum 
25 mgm of atropme protected 1 animal agamst 1 0 cc of serum 
Protocols were not given for the controls, but the results of Karsner and Nutt 
ivere sufficiently definite to be of great value 

Galanibos m 1913, gave 1 animal for each variation different amounts of atropme 
at different times before multiple lethal doses of shockmg antigen Although 
controlled, the experiments are difficult to evaluate and m our opinion the author 
has little justification for his conclusions that atropme does protect, and that the 
time of treatment and dosage are important 

Pelz and Jackson, m 1918, workmg with dogs, found that atropme was of no 
value if given after the shockmg dose of antigen 

In 1920 Haiizltk and Karsner treated two serum-sensitized gumea pigs with 
atropine, 3 and 5 mgms No controls were given, but the authors concluded that 
atropme could partially protect agamst serum shock This conclusion hardly 
seems justified from the expenments ated 

Levy-Solal and Tzanck, m 1923, m uncontrolled experiments, found that animals 
had shght or no shock when atropme was given with the shockmg dose of antigen 
Stoland and Sherwood, m 1923, usmg the excised, sensitized, uterine muscle of 
virgm gumea pigs and 1 per cent solutions of atropme, found that the response of 
the sensitized muscle to the specific antigen was prevented by atropme Larger 
doses of atropme did not mcrease the muscle tone so much as small ones 

Ziinz and LaBarre, m 1924, found that 1 mgm of atropme per 100 grams of 
weight prevented anaphylactic shock if given mtrapentoneally to sensitized 
animals 20 to 35 mmutes before the mtravenous mjection of 1 minimum lethal 
dose, or shghtly more, of antigen In the treated animals that were completely 
protected, the surface tension and reaction of the blood remamed normal From 
0 25 to 0 5 mgm of drug per 100 grams did not protect and the surface tension and 
hydrogen ion concentration of the blood were dimmished as m the controls It 
IS imfortunate that the authors did not present protocols of either controls or of 
the treated animals 

Swnmary The work of any value which has been done that tends to show the 
favorable effect of atropme on anaphylaxis is small Auer’s expenments are good, 
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but he did not repeat his only successful one Karsner and Nutt have shown that 
some protection can be obtained The reports by Biedl and Kraus and by Zunz 
and La Barre contam no protocols 

On the other hand, there are three well controlled investigations b> Mita, by 
Tnedberger, and b> Anderson and Shultz, which show no evidence of the ellcc 
ti\ eness of atropine in allay mg shock 

The work of Stoland and Sherwood, well done though it is, seems of questionable 
\alue inasmuch as we do not know that in rilro effects can be interpreted as similar 
to Uiose occuring in ii o 

The outstandmg factor in favor of the correctness of Auer s work is that he 
used larger doses than those who were unable to corroborate his work To this 
one must add the quite conclusive work of Karsner and Nutt showing that large 
amounts of atropme arc necessary to protect agamst increasing amounts of the 
shocking dose of antigen 

Barium chloride 

Bicdl and Ara’/s, in 1909, employed banum chloride in dogs Although no 
protocols or dosages were given, the authors concluded that after the blood pres- 
sure of sensitized dogs had been raised with barium chloride, the subsequent ad 
ministration of a shocking dose of antigen faded to cause the drop m blood pressure 
characteristic of anaphylactic shock Even when treatment was not given until 
after shock, when the blood pressure had reached Us lowest level, a nse of pressure 
could be obtained with banum chlonde 

Pfeifer and Jartsch, in 1913, working with guinea pigs, found that barium 
chlonde ga\e deffnite protection when injected intrapcntoncally m doses from 
0 005 to 0 05 gram, 30 mmutes before the mtrapcntoneal injection of the shocking 
dose of antigen These eaperunents were well controlled They arc not strictly 
comparable to those of other workers, who used lethal doses of antigen, as Pfeiffer 
and Jansch gave doses of antigen small enough to allow a study of temperature 
changes m mild shock Other ezpenracnts m this same paper, however, are 
comparable, and showed that protection was obtained when 0 004 gram of barium 
chlonde were given before the mtravenous injection of the shockmg dose of anti- 
gen In other experunents, barium chlonde was added to the shockmg dose of 
antigen, m the proportion of 8 7 cc of scrum and 1 3 cc of a 10 per cent solution 
of the drug Two cubic centimeters of this mixture protected the 6 treated 
animals Four controls died 

Summary The work of BiedI and Kraus cannot be evaluated on account of 
the lack of details The study of Pfeiffer and Jansch offers valid evidence that 
anaphy lactic shock can be inhibited with barium chloride, given either before or 
with the shocking dose of antigen 

Barium sttlphale 

Lumiere and Couturier, in 1921 a showed that the mtracardial injection of 0 5 
cc of 0 2fiS per cent emulsion of banum sulphate, gi\ en just before the mtracardial 
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injection of antigen, would protect guinea pigs against 1 minunum lethal dose of 
antigen Their hypothesis was that the drug saturated the preapitable elements 
of the blood, so that no further precipitation could occur upon the injection of 
antigen The experiments are conclusive m regard to the protection afforded, if 
not m regard to the explanation advanced 

Barometric pressure reduction 

Lumiere and Couturier, m 1923, found that shock could be attenuated or re- 
pressed if gumea pigs, after the second mjection of antigen, were placed under 
barometnc pressure reduced from 30 to 40 cm of mercury In the first series 17 
of the 20 controls died and 3 had acute shock, that is the mortahty was 85 per cent 
Of the 25 animals kept under reduced pressure for 6 minutes, 8 died at once and 14 
had moderately severe shock, 2 of these dymg later Excludmg these 2 anunals, 
the authors considered this a mortality rate of 32 per cent In a second series of 
160 animals, the mortahty for the controls was over 80 per cent and for the treated 
anunals under 40 per cent The details of these experiments were not given 
However, this was undoubtedly one of the largest and best controlled senes of 
experiments done and it offers definite evidence that a reduction of barometnc 
pressure can influence the degree of shock 

Bayer 205 {Germantn) 

Makarowa and Zeiss, m 1926, stated that anaphylactic shock could be prevented 
in serum-sensitized ammals by the addition of 2 per cent of Bayer 205 to the 
shockmg dose of serum We have been unable to find the protocols for this work 
Schmidt, m 1926, from an imcontrolled study of 3 gumea pigs, concluded that 
0 3 gram per kilogram of Bayer 205, given subcutaneously, could protect pigs 
from shock 

Collier, in 1927, m experiments which mcluded 1 control animal, decided that 
Bayer 205 given before or with the shocking dose of antigen prevented or inhibited 
shock m 50 per cent of the treated animals 

Wiechmann and Koch, in 1928, cntiozed Colher’s work and presented ade- 
quately controlled experiments to show that 0 2 gram of Bayer 205 afforded no 
protection when given 1 day after the first injection of antigen, 1 day or 1 hour 
before the shockmg dose of antigen, or combmed with the latter 

Summary The only valid work on Bayer 205 is that of Wiechmann and Koch, 
which shows conclusively that, under the test conditions, the drug, given before 
or with the second dose of antigen, confers no protection agamst anaphylactic 
shock It would be of mterest to carry out experiments with Bayer 205 smiilar 
to those of Swarez and Schaeffer with “arsenobenzene,” that is, treating the shock- 
mg serum in vivo 


Bayer 1910 

The work of Collier, m 1927, is mvalid for reasons discussed above 
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Benzoic acid 

Amhcrg and Knox^ m 1912, obtained no inhibition of cutaneous reactions in 
sensitized animals treated -nith this drug, as a control for experiments ^^^tll sodium 
iodox> benzoate 

Benzol 

Schijf, m 1915r studied benzol because of its selective action on the hematopoetic 
sjstem and in relation to antibody formation Guinea pigs were treated with 
multiple small doses of benzol, 0 01 cc., intrapentoneally, both before and after 
sensitization There was a sbght average increase m the number of white blood 
cells The treated animals were more sensitive than the controls An anal>sis 
of the protocols, however, shows that the senes of treated animals and of controls 
were small, with several vanations of shocking dosage of antigen, so that the 
differences observed might well have been withm the limits of experimental v ana 
tion But when the benzol dosage was mcreased to 0 03, vshich caused a drop in 
the white blood count, there was a clear cut difference m favor of the 11 treated 
animals, of which 9 lived Sue of the 7 controls died The author beheved that 
benzol did not cause an absence of shock, but rather a lowcrmg of the sensitivitv 

Bile 

Doerr, m 1905, ated the use of biic, but gave no reference 
Blood volume tnereast 

The mhibition of shock m pregnancy was considered due to an increase m blood 
volume by Lunukre and Coidurier 19ZZ Bomstem also attnbuted the inhibitor) 
action of sodium chloride to the same cause 

Brain surgery 

Friedberger and Grdbcr in 1913, noting the parallelism between anaphylaxis and 
poisonmg with members of the morphine group found that the latter caused first a 
dilatation and then contraction of the brain tissue, with an irritation of the vagus 
center, resultmg in the lung findings characteristic of morphine poisonmg Be- 
Iievmg that trephmation should remove or at least reduce the action of such poison 
upon the nervous system, Grober made experiments to test this point and found 
that such actually was the case The authors therefore, were mterested m study- 
ing anaph) laxis m the same way After sensitization gumea pigs were trephined 
and the dura widely mcised Of the 8 controls 7 died after shock with 0 23 to 
0 35 of antigen per kilogram, the lungs showing characteristic changes, 1 control 
survivmg 0 26 cc of antigen Of the 8 trephmed animals, none died at once after 
shock and when death finally occurred the lungs were shghtly or not at all dis- 
tended The authors therefore concluded that m most cases animals would be 
protected against 2 or 3 mmimum lethal doses of antigen, although death some- 
times occurred within i of an hour, even after only one fifth of a lethal dose 
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Schurcr and Strassmaun in 1912 extirpated the cerebrum of 6 sensitized ginnea 
pigs MTiile both controls died from 0 1 cc of antigen (horse serum) given m- 
travenously, of the 5 treated pigs given 0 1 cc , 1 lived 48 hours, 2 hved 24 hours, 
1 died soon, its limgs shoisang no distension and 1 died at once One animal given 
0 2 cc of antigen also died at once The authors concluded that the brain extirpa- 
tion did not confer protection 


Buiyr.c aad 

Roscnau and Anderson, m 1906, obtamed no inhibition of shock bi’ treating 25 
cc of the serum used for the second mjection with 10 cc of x/10 butj-nC acid 
The mixture rvas kept for 40 hours at 15°C Three cubic centimeters of the filtrate 
killed 1 gumea pig Controls vere killed with 6 cc mtrapentoneally Smee 
man}^ controls were also killed b}* the intrapentoneal mjection of 0 1 cc of serum, 
it IS impossible to e^•aluate this one test 

Ca_ffc,7t 

Doerr, m 1908, dted the use of this drug, but without reference. 

Calcium acetate 

Anderson and Roscnau, m 1908, gave 0 1 mgm of this drug subcutaneously to 
1 guinea pig 24 hours before shock with 0 5 cc of serum given m the bram No 
protection was obtained agamst what maj- have represented many lethal doses of 
antigen 


Calcium chloride 

Rctlcr, m 1906, reported a carefully controlled chnical experiment upon the 
admimstration of calaum chlonde to children vho were given diphthena antitoxm 
In the control group of 264 cases, including 258 which had no calaum chlonde and 
6 msuffiaentli' treated cases, the number of cases of urticaria was 41, an madence 
of 15 53 per 100 In the group of 252 cases given 1 gram a day of calaum chlonde 
b\' mouth on the day of the serum mjection and for 2 dai-s thereafter, there i\ere 6 
cases of urticaria, an mddence of 2 38 per 100 This makes a difference in ma- 
dence between the controls and the treated cases of 13 15 per 100, which is statis- 
tically significant 

In a later artide, in 1926, Ncticr recommended that treatment be proportionate 
to the amount of serum given 

Besredka, in 1907, made the general statement that calaum chloride prevented 
shock if given the mght before the second mjection of antigen 

Roscnau and Anderson, m 1908, houever, reported no inhibition of shock bj' 
givmg calaum chlonde m a dosage of 0 1 gram the day before shock Only 1 
animd was used In Hj'giemc Laboratori' Bulletin No 50, m 1909, these same 
authors reported no effects mth from 0 1 to 0 15 gram of caldum chlonde given 
subcutaneously to 3 gumea pigs 10 mmutes after thej had received intrapenton- 
eally 6 cc of the shockmg dose of antigen Other e.xperiments reported m this 
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Stud) , m ^\hlch calcium chloride was given to counteract the effects of magnesium 
sulphate, v.crc also unsuccessful 

Bicdl and KranSy in 1909, made an unsupported statement that Netter’s work 
\sas v-nthout value 

JSciiH, m 1911, giving from 4 to 12 doses of 5 centigrams each b> mouth for 
2, 4 or 6 da>s before shock, in a total senes of 3 guinea pigs, found that these 3 
treated animals recovered after acute shock, while the 1 control died The antigen 
was injected into the brain No conclusions can be drawn from this expenment 

BcliUi in 1913, concluded that calaum chlondc never inhibited shock when gi\ cn 
with the antigen 

Summary The clmical experiment of Ncttcr seems to offer valid evidence of 
the value of calcium chlonde, but the expenments of Besredka and of Belm, also 
favorable, do not present acceptable proof Rosenau and Anderson have pro 
seated definite evidence that, under their test conditions, the drug was without 
value when given cither before or after the shocking dose of antigen The test 
conditions, however ma> have represented many lethal doses of antigen 

Calctum tadale 

Neltcr, in 1906, made a general statement that calaum lactate could be em 
plo) ed as w ell as calcium chlonde to prevent scrum sickness 

Aosffe, Healey and Buckucr, in 1913, studied the effect of calaum lactate upon 
anaphylaxis in the guinea pig Unfortunately the results were inconclusive be 
cause of the insuffiaent controls, although the authors believed that good protec- 
tion was obtained b> treating female guinea pigs dunng the sensitization penod 

Summary There is no definite evidence that calaum lactate has an> inhibi 
tor) effect upon anaphylactic shock 

Calctum sulphate 

See Pemn and Abel, 1927, under Mineral Waters 
Cascosan 

Rusznydk and Kordnyi^ in 1927, studied this and other heteroproteins in guinea 
pigs sensitized with horse serum The method used was that of observing tem 
perature changes Treatment with “Cascosan” and other proteins, caused a rise 
of temperature Subsequent injection of from 0 5 to 1 mgra of the speafic antigen, 
given intrapentoneallv, failed to cause the nsc of temperature usual after the 
administration of such small amounts of antigen No protocols were given and 
onlv a few temperature charts Nevertheless, the work is of interest 

Castration 

See the article by L mitre and Coutmer, 1921 b under Pregnane) 

Chloral hydrate 

Bmzhaf and ramnlener, in 1908. found that 75 per cent of their sensitized 
animals could be protected from shock if they were given chloral h>drate in doses 
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just suffiaent to produce hypnosis The drug was given in a 10 per cent solution, 
75 mgm or 100 mgm per gram of body weight Injections were made mtramus- 
cularly, 20 to 30 mmutes before the intrapentoneal injection of 5 cc of horse serum, 
the shockmg dose of antigen Upon recovery from the drug, from IJ to 
hours later, the treated animals were free from symptoms 

Banzhaf and Fanmlmer, m 1910, obtamed excellent results when the shodang 
dose of antigen was given intraperitoneally 20 or 30 mmutes after the mtramuscular 
injection of from 85 to 180 mgm of chloral hydrate Eleven of the untreated 
controls died and 12 of the 13 treated animals hved Similar treatment 20 to 30 
mmutes before shock was of no value, however, when the shockmg dose of antigen 
was given intracardially lyhen both drug and antigen were given mtracardially, 
8 out of 9 animals were protected by from 1 to 3 injections of drug from 2 to 4 
mmutes before injection of the antigen Multiple mtracardial treatments 12 to 
15 mmutes before shock were of no value m 2 cases The experiments were well 
controlled and the paper is one of the best we have encountered 

Rosenau and Anderson, m 1909, or Anderson and Rosenau, 1909, found that 200 
mgm of chloral had no marked effect when given mtramuscularly in a 5 per cent 
solution, either 2 hours or from 21 to 31 mmutes before the intrapentoneal in- 
jection of the shockmg dose of antigen, 6 cc of horse serum Three gumea pigs, 
given 250 mgm of chloral 30 rmnutes before the same amount of antigen recovered, 
after havmg shock symptoms Controls given for these tests are to be found in 
the authors’ pubhcations in 1906 From these it is found that 6 cc represents 
multiple lethal doses of antigen 

Anderson and Schulz, m 1909, as previously ated under “adrenahn” obtamed 
inhibition of shock by treating with a combmation of chloral hydrate, urethane 
and adrenahn, also with artificial respiration with oxygen The exact role of the 
chloral hydrate in these tests could not be determined, because no experiments 
were done with that drug alone Careful drug toxicity controls were made 

Summary Banzhaf and Famulener have offered satisfactory evidence that 
chloral hydrate may mhibit anaphylactic shock when given before the shockmg 
dose of antigen and under certain conditions, not under others The negative 
results of Rosenau and Anderson are less vahd on account of the lack of controls, 
as the shocking dose of antieen in their tests may have been too high 

Chloralose 

Besredka, m 1908, stated that 0 05 gram of this drug caused animals to live 
several hours after shock, the controls dying m 2 to 3 mmutes 

Chloroform 

Rosenau and Anderson, in 1908, found that the addition of 0 4 per cent of 
chloroform to serum for preservative purposes had no mhibitory effect upon shock 
Kopaczcwski, Ro_ffo and Roffo, m 1920, working on the theory that chloroform 
lowered the surface tension of the blood, tned to inhibit shock by givmg chloroform 
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intmenouslj in water The injection of 1 S cc of a 1 per cent solution of chloro- 
form intravenously just before the intravenous injection of 0 5 cc of the shocking 
dose of antigen protected all of the nnunals so treated, all of the controls dying 
The number of anunals used was not stated Ne\ crtheless, the c-rpenments were 
of interest 

Stimmarv The action of chloroform as an anesthetic has not been studied 
Its presence in the shocking dose of serum in the amount usually employed for 
purposes of preservation has been shown b\ Anderson and Rosenau not to inhibit 
shock with large amounts of antigen The intravenous administration of cliloro 
form has been found by kopaczewski, Roffo and Roffo to protect an unstated 
number of animals and this is the most valuable of the contributions on the use of 
chloroform m anaphy laxis 


Cholesttrin 

Ichard and tlandin, in 1911, made a general statement that results with cho- 
lesterin were less certain than with ovoleathin, but details were not given 

Carpam, in 1920, injected cholestenn, 3 cc of a S per cent solution in olive oil 
and protected sensitized guinea pigs from shock The senes was small but well 
controlled 

Sitrdnyi and Jarna, in 1928, sensitized gumea pigs w ith 1 cc of horse serum, a 
V cry large amount in proportion to the amounts commonly used From 22 to 2S 
day s later, some of the animals were given cholestenmzed senun and others normal 
serum The shockmg dose of antigen was given intracardially, the dosage not 
being stated Of the 10 controls, given normal scrum, 9 died, and 1 had mild 
shock Of the 10 animals treated with diolcstcnmzcd serum, 1 died, 7 had bad 
shock with recovery and 2 had mild shock Controls of scrum treated with ace- 
tone vv ere not protected Giving anunals dailv feedings of 0 25 gram of cholestenn, 
mixed with their food, for about 24 days dunng the sensitization penod had no 
effect 

Summary The experuuents of Sunny i and Jamo were valid and showed that 
cholestermized serum was less toxic than normal serum for the shocking dose 
While these findings ate unquestionable for the conditions of the experiment, it is 
possible that on account of the large amount of antigen used for sensitization, the 
animals were less sensitive than those used m most of the experiments bv others 
on inhibition of anaphylactic shock The work of Carpam, m which gumea pigs 
were injected with cholestenn m ohve oil before shock, also showed definite 
protection 


Cliohn hydrochloride 

Zimz and LaBarre, in 1923, found that 2 centigrams of cholme hy drochlonde, 
given mtrapentoneally 15 to 25 minutes before the mjection of a minimum lethal 
dose of antigen would protect a certam number of guinea pigs from death 


MZniClNa VOL H KO 2 
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Complement fixation 

Loejler, in 1910, exhausted complement m vivo by the mtrapentoneal mjection 
of a haemolytic system (3 cc of sheep red blood cells and 1 cc of anti-sheep serum) 
This was done 1 hour before the second dose of antigen No shock occurred if the 
necessary amount of treatment had been given The shockmg dose of antigen 
was 5 cc , given mtrapentoneally llTiile both controls died, the 2 treated ani- 
mals hved Although the senes was small, the idea is of mterest A control of 
the amount of complement present after treatment would have been of value 

Congo red 

Karsner and Echer, m 1924, obtamed no inhibition of shock with from 0 1 to 

0 005 mgm per kilogram of this colloid, given m 1 or 0 5 per cent suspension 
either 1 or 24 hours before 2 lethal doses of antigen Of the 13 animals treated, 
3 died from the drug, 6 of the 7 remammg died when given 2 lethal doses of antigen 

1 hour after treatment Of 3 treated animals, given 2 lethal doses of antigen 24 
hours after treatment, 2 died The number of controls was not given 

Curartn 

Auer and Lewis, m 1920, found that a "hberal dose” of curarm, i e 1 or 2 mgm , 
given intravenously, caused no mhibition of shock, artifiaal respiration bemg 
given after the drug 


Dextrin 

Karsner and Ecker, in 1924, treated sensitized gumea pigs with from 0 4 to 0 8 
mgm per gram of this colloid Of the 12 treated animals, 2 died from the drug 
Of 6 treated animals given at an imstated time a dose of antigen lethal for 2 
controls, 2 died and 4 recovered from shock Four treated animals given the same 
amount of shocking dose of antigen 24 hours after treatment all lived, 2 controls 
dying The authors, however, takmg mto consideration the vanations m reaction 
obtamed m the control senes, did not consider this defimte mhibition of shock, a 
conclusion most welcome after those of many other authors The description of 
these expenments w'lth dextrm is not entirely clear 

Dialysis of the antigen 

For the negative results of Anderson and Rosenau, see Ammonium Sulphate 

Diastase 

Doerr, m 1908, cited the use of diastase, but without reference 
DicMorelhylsnlphid (imtstard gas) 

Corpcr, Black and Moore, m 1922, gave maximum non-lethal doses of mustard 
gas subcutaneously before or with the sensitizmg mjection of antigen, or dunng the 
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penod of sensitization, without anv effect upon the degree of shock This trial of 
mustard gas was based on previous experiments b> Hektoen and Corper, m 1921, 
m which It had been shown that the gas, as a leucotoxic agent, exerted an inhib 
itorj effect upon the production of antibodies 

Dryttis of the anltscn 

See also Heatmg of the Antigen 

Koscnati and inderson, in 1906, found that dr>ing horse semm did not destroy 
its toxic properties Only 1 animal was used and there maj or maj not have 
been a diminution of toxicity This method of modification is closely related to 
specific desensitization 

See Antitiypsm, for the w ork of Johhhng and Petersen on egg fat 
Lmulsiii 

Ooerr, m 1903, cited the use of emulsin, but without reference 
Esertne (phisosUgmtne) 

Lcr’\-Solal and Tzanck, in 1923, added this alkaloid to the shocking dose of 
antigen, given intracardiall> , without inhibitmg shock The experiment was not 
of value, as about 2 animals were used, which were given the large amount of 1 cc 
of serum for shock 


Ether 

I Combined with the antigen Besredta, m 1907, obtained no mhibition of 
shock bj extractmg the serum antigen with ether 

II Used as an ancslhclic Besredta, in 1907, reported that if sensitized guinea 
pigs were anesthetized with ether before the second mjeclion of antigen, 0 25 cc 
of horse serum, given m the biam, the anunals had no shock, and upon recoverv 
were desensitized No protocols were given In 1908, Besredta stated his belief 
that ether acted by makmg the nerve cells indifferent to the antigen antibody 
combination 

Rosenait and Anderson, m 1908, produced anaphjlacUc death m 7 of the 8 
gumea pigs etherized before the mjection of the shockmg dose of antigen This 
was 6 cc , given mtrapentoneallj , which according to the 1906 controls of these 
authors, represented manj lethal doses 

Banzhaf and Pamulencr, m 1908, were likewise unable to mhibit shock with 
ether narcosis 

Thomsen, m 1917, found only insignificant differences between the controls and 
treated gmnea pigs which vaned in weight from 340 to 400 grams The treated 
animals w ere deeply etherized before the mtra venous injection of the shockmg dose 
of serum In a second senes, m which the anunals weighed from 800 to 900 grams. 
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Completnent fixation 

Loqffler, m 1910, exhausted complement m \uvo by the mtrapentoneal mjection 
of a haemolytic system (3 cc of sheep red blood cells and 1 cc of anti-sheep serum) 
This was done 1 hour before the second dose of antigen No shock occurred if the 
necessary amount of treatment had been given The shockmg dose of antigen 
was 5 cc , given mtrapentoneall)’’ WTiile both controls died, the 2 treated ani- 
mals hved Although the senes was small, the idea is of mterest A control of 
the amount of complement present after treatment would have been of value 

Congo red 

Karsner and Ecker, m 1924, obtained no inhibition of shock with from 0 1 to 

0 005 mgm per kilogram of this coUoid, given m 1 or 0 5 per cent suspension 
either 1 or 24 hours before 2 lethal doses of antigen Of the 13 animals treated, 
3 died from the drug, 6 of the 7 remaining died when given 2 lethal doses of antigen 

1 hour after treatment Of 3 treated animals, given 2 lethal doses of antigen 24 
hours after treatment, 2 died The number of controls was not given 

Citrarin 

Auer and Leuns, m 1920, found that a “hberal dose” of curann, i e 1 or 2 mgm , 
given intravenously, caused no mhibition of shock, artificial respmation bemg 
given after the drug 


Dextrin 

Karsner and Ecker, m 1924, treated sensitized guinea pigs with from 0 4 to 0 8 
mgm per gram of this colloid Of the 12 treated animals, 2 died from the drug 
Of 6 treated animak given at an unstated time a dose of antigen lethal for 2 
controls, 2 died and 4 recovered from shock Four treated ammals given the same 
amount of shocking dose of antigen 24 hours after treatment all lived, 2 controls 
d>mg The authors, however, taking mto consideration the vanations m reaction 
obtamed in the control senes, did not consider this defimte inhibition of shock, a 
conclusion most welcome after those of many other authors The descnption of 
these experiments with dextnn is not entirelj’’ clear 

Dialysis of the antigen 

For the negative results of Anderson and Rosenau, see Ammonium Sulphate 

Diastase 

Doerr, m 1908, cited the use of diastase, but without reference 
Dicldorethylsulphid {mustard gas) 

Corper, Black and Moore, m 1922, gave maximum non-lethal doses of mustard 
gas subcutaneously before or with the sensitizmg mjection of antigen, or durmg the 
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penod of sensitization, without an> effect upon the degree of shock 1 his trial of 
mustard gas v.as based on previous experiments b> Hektoen and Corper, in 1921, 
in which It had been shown that the gas, as a leucotoxic agent, eaerted an mhib 
Itor) edect upon the production of antibodies 

Drying of the antigen 
See also Heating of the Antigen 

Dosenait and Anderson, m 1906, found that drjing horse serum did not destroy 
its toxic properties Only 1 animal was used and there ma\ or may not have 
been a diminution of toxicity This method of modification is closely related to 
specific descnsitization 

Dggfat 

See Antitrypsm, for the work of Jobhlmg and Petersen on egg fat 
Lmiilsin 

Doerr, in 1908, ated the use of emulsin, but without reference 
Eserine {physostigmine) 

Le") Solal and Tzanck, in 1923, added this alkaloid to the shockmg dose of 
antigen, given intracardially , without inhibiting shock The experiment was not 
of value, as about 2 animals were used, which were given the large amount of 1 cc 
of serum for shock 


Ether 

I Combined jiiih the antigen Besredia, m 1907, obtained no mhibition of 
shock by extracting the scrum antigen with ether 

II Used as an anesthetic Besredka, in 1907, reported that if sensitized guinea 
pigs were anesthetized with ether before the second mjection of antigen, 0 25 cc 
of horse serum, given m the bram, the anunals had no shock, and upon recovery 
were desensitized No protocols were given In 1908, Besredka stated his belief 
that ether acted by makmg the nerve cells indifferent to the antigen antibody 
combination 

Rosenatt and Anderson, in 1908, produced anaphylactic death m 7 of the 8 
gumea pigs etherized before the injection of the shockmg dose of antigen I his 
was 6 cc , given mtrapentoneallv , which according to the 1905 controls of these 
authors, represented many lethal doses 

Banzhaf and Famulcncr, in 1908, were likewise unable to mhibit shock with 
ether narcosis 

Thomsen, in 1917, found only insignificant differences between the controls and 
treated guinea pigs which vaned in weight from 340 to 400 grams The treated 
animals w ere deeply etherized before the mtravenous mjection of the shockmg dose 
of serum In a second senes, in which the animals weighed from 800 to 900 grams. 
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there was a difference in favor of the anesthetized animals In a thurd senes, of 
which no protocols were given, the weights of the animals bemg from 550 to 400 
grams the results confirmed those of the second set However, if more highly 
sensitized animals were used, they were as httle influenced by narcosis as the 
smaller animals of the first set The author beheved that when shock was mhib- 
ited by ether narcosis, it was due to an interference with the antigen-antibody 
reaction, possibly by the action of the narcotic on the lipoids of the blood tissues 
Unfortunately so many different doses of antigen were given to shock m these 
tests, that not enough evidence was available to make any given test conclusive, 
as no allowance was made for the mdividual vanations of the animals 

III The 27tiraoenous ztijechon of ether without narcosis Kopaczewski, Rojfo and 
Roffo, m 1920, workmg on the theory that ether and other substances lowered the 
surface tension of serum, tried to repress shock by giving sensitized gumea pigs 
2 5 cc of an aqueous solution of ether, saturated at 15°C The number of animak 
used was not given, but it was stated that all of the controls died upon the mtrave- 
nous mjection of 0 5 cc of the serum antigen, while the treated animals hved In 
view of these findmgs, the authors beheved that the action of the nervous system 
in shock was of less importance than changes brought about by coUoidal 
flocculation 

Summary of experiments with ether Evidence that the ether extraction of serum 
antigen does not influence its abihty to shock has been offered by Besredka, with- 
out protocok 

Experiments, also without protocols, bj’’ Besredka, showmg that deep ether 
narcosis inhibited shock, have not been confirmed by Rosenau and Anderson, or by 
B anzhaf and Famulener How ever, the shockmg dose of antigen used by Rosenau 
and Anderson represented multiple lethal doses and B anzhaf and Famulener gave 
no protocols The experiments of Thomsen, m which there was some evidence of 
inhibition of shock under certain conditions, are not stnkmg, because of the diver- 
sity of tests done with a small number of animals 

The mhibition obtamed by Kopaczewski, Roffo and Roffo by givmg ether 
intravenousl}' seems to be vahd, but would be more conclusive if the number of 
animals used W'ere known 

It may be said that there is no absolutely final and conclusive demonstration 
that ether inhibits anaphylaxis, whether given with the shockmg dose of antigen, 
or admimstered before shock as a narcotic or mtravenously 

Ethyl chloride 

Besredka, m 1908, obtamed good protection w’lth this narcotic, but gave no 
detaib of his experiments 


Filtration 

Rosenau and Anderson, m 1906, found that filtration of horse serum through a 
Pasteur-Chamberland filter B did not destroy the antigen’s toxic properties 
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Docrr, in 1908, also gave no details as to the use ot fotmaldehyde 

Freezing and tliaicing of llie serum antigen 
Besredta, m 1919, noted that freezing and thawing did not modify the toxicity 
of the antigen 

Gastric juice 

Lesnl and Dreyfus, in 1911, obtained no inhibition of shock by adding poreme 
or caninegastnc juice to the sensitizing orshocking dose of antigen, actinocongestin 

Gelatin 

Belin, in 1911, gaxe an unstated number of sensitized guinea pigs 20 per cent 
gelatm with the shocking dose of serum antigen without obtaming any protection 

Gland extracts 

For faUure to inhibit shock by the administration of sexual gland extracts, 
please see Lumiere and Couturier, under Pregnancy See also Thyroid Extract 

Glucose 

Richet, Brodin and Saint-Girons, in 1919, found in dogs that diluting the shock- 
mg dose of scrum to 9 tunes its volume yvith 1 or 4 5 per cent glucose caused no 
inhibition of shock The amount of antigen, however, mav have been too high 
More experiments should be done mth glucose 

Glycogen 

Karsner and Lcker, in 1924, gave 0 025 and 0 03 ragm per gram of glycogen to 
sensitized guinea pigs llTien treatment was given 45 nunutes before shock, all 
of the 3 animals which had received the smaller dose of glycogen, as w ell as 3 of the 
4 which had been given the larger dose, died m acute shock When treatment was 
given 24 hours before shock, all 3 of the animals given the smaller dosage of gly- 
cogen died, but 3 of the 4 given the larger dose lived The authors, however, 
beheved that to conclude that there had been inhibition w ould be fallacious 

Guanidine chloride 

Heyde, in 1912, gave guanidme to guinea pigs sensitized with beef serum His 
reason for domg so was that guanidme, present m the unne ot anaphylactic ani- 
mals, Itself produced shock No protocols were given Half of the controls died, 
but the treated animals had no shock when given antigen intraperitoneally 3 da vs 
later 

Heating of the serum antigen 

Rosenau and Anderson showed that heat modified the toxiaty of serum whe- 
ther undduted (1906), diluted (1908) or dned (1909) 
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Besredka, in 1919, summarized his experiments with diluted serum He both 
confirmed Rosenau and Apderson and showed that the toxiaty of serum could be 
lowered by heatmg at 56° or 60°C on successive days 

This work is obviously closely related to specific desensitization 

Hepann 

Keyes and Sirauser, in 1926, found that while all of their 12 control pigeons had 
“multiple shock symptoms,” 11 of the 12 birds treated with 1 cc of 1 per cent 
heparm 45 mmutes before the second dose of antigen had no shock and the twelfth 
mild shock The work was well controlled and of value 

Hyde, in 1927, found that all of his serum-sensitized control giunea pigs died 
when given 1 cc of antigen mtravenously The animals given 7 mgm of heparm 
45 minutes before shock also died Ten mgm of heparm given 5 mmutes before 
shock failed to protect From these experiments he concluded that heparm did 
not inhibit fatal issue This conclusion m our opinion is not valid, because no 
titration of the antigen was given and the amount used, 1 cc , may have represented 
many lethal doses 

Reed and Lamson, m 1927, obtamed no inhibition of shock by givmg 40 mgm 
of heparm mtraperitoneally from 10 to 40 mmutes before the mtrapentoneal or 
intracardial mjection of the shockmg dose of antigen The sensitizmg dose of 
antigen was high, from 2 to 5 cc of serum Of the 22 controls, 50 per cent died 
within 24 hours after shock, while of the 28 treated animals, 49 per cent died 
Muthm the same penod 

Williams and van de Can, m 1927, treated guinea pigs with heparm from 15 to 
145 minutes before shock and found that of their 11 treated animals, only 1 had 
acute shock, while of the 8 controls, 2 lived and 6 died They concluded, with 
validity, as follows “The results obtamed appear to mdicate that the injection of 
heparm mto the circulation m amounts suflacient to prevent the formation of a 
blood clot prevents or reduces, in the majonty of cases, the symptoms of anaphy- 
lactic shock m gmnea pigs hypersensitive to horse serum ” 

In 1928, van de Carr, Lyons and W illiams, m a careful study, found that “he- 
pann, even when given m amounts sufficient to render the blood incoagulable for 
72 hours will not prevent or alleviate the anaphylactic syndrome m gumea pigs 
when the colloidal balance of the blood has been disturbed by the previous injection 
of heterophile antigen ” 

Eanzhk, Bull and Stockton, m 1928, studjung the reaprocal action of the crop 
muscles of pigeons m anaphylactic shock got no protection with heparm given 45 
to 90 mmutes before the second dose of antigen The amounts of hepann and 
antigen used were not given 

Summary The experiments of Keyes and Strauser and of Wilhams and van de 
Carr showmg inhibition of anaphylactic shock with heparm were carefully con- 
trolled and vahd The work of Hyde, vutli negative results, is less valuable be- 
cause there was no titration of the shockmg dose of antigen The negative ex- 
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pcnments ot Reed -ind I^mson were ttcll controlled, but the sensitizing dose of 
antigen had been high and most of their animals ncre shocked mtrapcntoneall) 
The in \itro studies of Hanahk, Butt and Stockton are not stnctly comparable 
to the in i.nvo work More sound evidence in favor of some protection under 
certain circumstances is available, therefore, than is negative evndence under other 
conditions 

Tleleroplnle miitgen 

Vati dc Carr, Lyons and TI tltiams, in 1928, found that heteropliile antigen, 
given intravenously to gumea pigs previousl> sensitized with casein, so altered 
the colloidal state of the blood as to increase the tovicitv of the second injection of 
antigen The neutralization of the inhibitory action of heparin by an injection 
of heterophile antigen has been cited under Hepann 

Iltrudin 

Fnedbcrgcr, in 1910, stated that inhibition of blood coagulability by hirudin was 
without influence, even against a small multiple of the minimum lethal dose of 
antigen Two controls were used Seven animals given hirudin at different times 
before shock all died The amount of the shocking dose ot antigen was calculated 
per 100 grams ot body weight A general statement was made that hirudin had 
no effect if given 24 hours before the antigen 

Zum and ion Geertruyden Bernard, m 1921, found that the minimum lethal 
dose of antigen was inacased if the serum had been treated from 3 to 4 hours 
before injection with 2 mgm of hirudin per 7 cc of scrum It from 2 to 4 mgra ot 
hirudin was given intravenously to sensitized animals from 2i to 4 hours before 
shock, protection was obtained, but not against many lethal doses of antigen 
No details of these experiments were given 

Summary There is no conclusive evidence that hirudin inhibits shock, the 
negative results of Triedbergcr were fully ns conclusive as the evidence of Zunz and 
Van Geertruy den Bernard that some protection w as obtained 

nydrochlortc acid 

Lcsnl and Dreyfus, m 1911, obtained no inhibition of shock by addmg 0 33 per 
cent of this aad to the sensitizing or to the shocking dose of the antigen 
actinocongestm 

Ilydragen peroxide 

Rosenau and Anderson, m 1906, added S cc of this drug to 25 cc of serum 
The mixture was kept at 15°C for 40 hours and then filtered Three or 6 cc of 
the filtrate was injected into the peritoneal cavities of 2 sensitized guinea pigs 
respectively and both recovered In 1906, these authors demonstrated that 0 1 
cc of horse serum would kill sensitized animals If the amounts of treated and 
untreated serum were comparable, these 2 animals had been protected agamst 
many lethal doses of antigen 
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Ink {China) 

Mtchelazzt, in 1920, treated 4 sensitized guinea pigs with 2 cc of 20 per cent 
China ink 48 hours before shock Two of the animals died that were given more 
than the minimum lethal dose of antigen Two survived, 1 of these had had 
shghtly more than the lethal dose and 1 less The controls were given a larger 
sensitizing dose of antigen and therefore were not comparable 

Moldovan and Zolog, m 1923, used 0 25 cc of China mk per 100 grams of body 
weight, the ink bemg diluted with equal parts of water They found that no 
protection was obtamed when the ink was given mtravenously either 8 mmutes 
or 15 days before the minimum lethal dose of antigen If the ink was given from 
1 hour to 10 days before the shockmg dose of antigen, animals were protected 
agamst from 2 5 to 4 minimum lethal doses, larger amounts of antigen kilhng 
No protocols of the experiments were given 

Moldovan and Zolog, m 1923, m an article followmg the one just cited, explamed 
the protective action of China mk as due to the fact that after the deposition of 
carbon in the endothehal cells of the hver, a substance was secreted which pre- 
vented bronchial spasm and which was antagonistic to the active prmciple of 
anaphylaxis Pitmtnn given between ink mjecbon and shock removed protection 
No protocols are given to confirm this generahty 

Moldovan and Zolog, in a third paper (1925), performed some ongmal experi- 
ments which would be of value if confirmed by a larger senes Rabbits were 
injected mtravenously with 5 cc of 1 per cent Chma ink diluted with equal parts 
of water and were bled to obtam serum 2, 7 and 12 days thereafter These sera 
were given to gumea pigs sensitized with normal horse serum 5 minutes before 
shock and seemed to protect them from multiple lethal doses of the antigen All 
of the untreated controls, the number not bemg stated, died from smaller doses 
of antigen, as well as the 1 animal treated -with normal rabbit serum Unfor- 
timately, only 1 animal was reported for each of the treated sera Similar expen- 
ments with gumea pig serum obtamed 2 days after mk injection protected one 
sensitized gumea pig The serum from a gmnea pig bled 12 days after an ink 
injection and that of an untreated animal failed to protect one guinea pig apiece 
From these experiments, the authors concluded that a desensitizing principle 
was secreted in the blood after an mjection of Chma mk It does not seem to 
us that it is necessarj' to advance such an explanation smce the changes could 
conceivabty be explamed on some other basis Nevertheless, the work is of great 
interest and should be confirmed by larger senes 

Smutch, m 1926, was unable to protect animals by 4 mtravenous mjections 
of 1 cc of 3 per cent China mk, 1 day before the shocking dose of antigen The 
number of animals m the control and treated series was not given, but all died 
It is possible that the amount of antigen used for shock was too high 

Smutch also faded to obtam any protection by givmg mk 1 week after splenec- 
tomy and 1 day before the sensitiztng dose of antigen 

Summary There is no conclusive evidence that anaphylactic shock can be 
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inhibited b> the injection of mb given before or during sensitization The small 
number of animals used in the experiments makes it impossible to evaluate tlie 
results The work of Moldovan and Zolog, especnllj their third paper, honever, 
offers an interesting approach nhicli seems northj of more complete investigation 

IiiUrcurrcnt infection 

This most mteresting aspect of the problem has been approached by compara 
lively fen norkers, although more studa along this line would be of value 

Von Ptrquel, in 1908, noted that tuberculous children lost their reactivity to 
tuberculin for about a neck during measles 

Hartoch and Sirensh], in 1912, found that sensitized gumca pigs, mfected with 
tr>-panosomes, became insensitive to lethal amounts of antigen This was ex- 
plained b} the authors on the basis of loss of complement, due to the intercurrcnt 
infection No protocols of antigen titration were given Of the 5 animals in- 
fected with Nagana trypanosomes 12 days after the sensitizmg dose of antigen, 
and given the second uijection of antigen 47 or 48 dav s after the first, 2 died of 
anaph> lactic shock and 3 of infection The results, therefore, were suggestive, 
but mconclusive 

Schgmann, m 1912, reported that gmnea pigs infected with tuberculosis 
at the lime of their sensitization with papain, resisted 5, 10 or 20 shocking 
doses of antigen lethal for the uninfected controls when shocked 4 or 5 weeks 
later This resistance was not, however, invariable, some of the infected 
animals dying subacutely from } to 2 hours after the shock The animals with 
localized tuberculosis died more qmckly when fatally shocked, but required from 
3 to 5 lethal doses The more generalized the tuberculosis, the more difficult was 
it to induce shock, 20 nunimum lethal doses of antigen being necessary to kill 
some of these animals In animals infected before or after the time of sensitiza- 
tion, there ensued, with the appearance of the tuberculosis, a retrogression of sen- 
sitmtj , similar to that in the animals mfccted at the time of sensitization No 
protocols were given for this set of experiments In a confirmatory series, the 
animals infected with tuberculosis after sensitization with papain were found to 
resist 3 minunum lethal doses of antigen 31 days later Some of the mfected 
animals and unmfected controls were bled and their sera used to sensitize normal 
animals passively Twenty four hours later, when all of these animals received 1 
cc of the antigen, the 2 sensitized with the blood of mfected anunals had no shock, 
while the 2 controls both had shock, fatal m I case Sehgmann, therefore, con- 
cluded that the lessening of sensitivity in mfected guinea pigs depended on the 
reduction of specific anubody, not on a lack of complement He also concluded 
that tuberculous mfecUon m sensitized ammals leads to a far spread loss of ana- 
phylactic sensitivity 

rnedherger, m 1913, performed eiqieriments sunilar to those of Sehgmann, 
except that he worked with mild shock m which temperature changes could be 
noted The work was carefully controlled and showed that, m general, much more 
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marked temperature changes occurred m the rmmfected sensitized controls upon 
the second mjection of antigen, than m the animals which had been mfected with 
tuberculosis at the time of sensitization The lethal dose of shockmg antigen was 
also found in most cases to be much higher for the mfected animals than for the 
uninfected 

Isaacs, m 1924, made an unsupported statement that acute distemper prevented 
desensitization, but that this infection m the recovery stage did not 

Wedgewood and Grant, m 1924, observed that young rats on a complete diet 
could be sensitized if they had an infectious disease of the lungs, although normally 
such animals are resistant to sensitization The possible theory to explam this 
increased sensibdity was that the mfection exhausted the vitamin B reserves, 
which ordmanly protected agamst anaphylaxis 

Lewis and Loomis, m 1926, concluded that the allergic imtabihty of guinea pigs 
was increased by mfection with Brucella abortus or with a streptococcus, or by 
the mjection of dead tubercle baalli, all of these bemg less effective than mfection 
with tubercle bacdh These experiments are not comparable to the others because 
of differences m techmque 

Summary The studies of Hartoch and Sirenskij, of Sehgmann and of Fned- 
berger have mdicated a decreased susceptibihty to shock m animals given an 
mtercurrent mfection On the other hand, Wedgewood and Grant, as weU as 
Lewis and Loomis, usmg different methods of approach, have offered evidence 
of an increased imtabihty Certainly more work on this problem is clearly 
mdicated 


Jnoerlm 

Doerr, m 1908, cited the use of this without details 

lodbenzoic Acid 

Ambert and Knox, m 1912, obtamed no mhibition of the cutaneous reaction 
m sensitized gmnea pigs treated with this drug before the second mjection of 
antigen This drug was used as a control for experiments with sodium lodoxy- 
benzoate 


Iodine 

Besredka, m 1907, was unable to modify the toxicity of serum with Gram’s 
solution 

Anderson and Rosenaii, m 1908, found that the addition of 1 5 gram of iodine 
and 3 grams of potassium iodide to 25 cc of serum had no effect upon its toxicity 
Of 5 controls, given 6 cc of normal serum subcutaneously, 2 died and 3 recovered 
after acute shock Of 12 animals given the treated serum subcutaneously, 4 
died, 1 recovered from severe shock and 7 had mild or shght shock. All 3 of the am- 
mals died that were given 6 cc of treated serum intrapentoneally When lodme 
was mjected subcutaneously 1 or 24 hours before the mtracramal injection of the 
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antigen, all of three animals so treated died Two of the 3 animals so treated 1 
hour before the intrapcntoneal administration of the antigen died The third 
recoaered after marled sjmptoms Controls were gnen here onlv for the sub 
cutaneous injection of the antigen Earlier controls, hoiacacr, had shown that 
6 cc of serum, given intraperitoncall> , probablj represented mana lethal doses 

Von Dimgcrn and Ilirschfcld, m 1911, concluded that the action of anaph)- 
lactic antibodies aaas strongly raised by lodimzation Three guinea pigs, pas- 
siaclj sensitized aaith untreated anti sheep serum all died aahen giaen sheep 
serum 24 hours later, aahile the 3 animals giaen lodimzcd anti sheep scrum had 
mild or no shock upon the subsequent injection of antigen Experiments aaith 
actiae sensitization shoaacd that after sensitization aaith normal horse serum, 
animals shocked aaith freshly lodmizcd serum reacted less aiolcntly tlian those 
shocked aaith normal serum or old lodimzed serum Unfortunatcla , the small 
number of animals used for each aariation of test makes the eaaluation of these 
findings difficult Probabla these findings should be interpreted as the result of 
a chemical change of the antigen 

Siniwary There is some, hut mclusivc evidence, offered b} von Dungem 
and Hirsclifeld, that lodinization of the serum antigen may inhibit actiac or 
passive anaphjiaxis Their findings arc more complete than the earlier, negative 
work of Besredla and of Anderson and Roscnau 

Iron tn slate of hydrosol 

Ilenrtjean and KopaacasU m 1925, gave no details of their cvperimcnts aaith 
iron in this state 


Iron oxtde 

Stmilch, m 1926, failed to inhibit shock by giving a total of 4 cc of 6 per cent 
oxide of iron mtravenouslj the day before sensitization Iron was used alone or 
1 areek after splenectomy No titration of tlie lethal dose of antigen aaas made 
No protocols were given and the number of anunals used was not stated 

Iron oxtde, saccharated 

Petersen, Jajfe, Levinson and Bughes, in 1923, gave dogs daily intravenous 
injections of 15 cc of 20 per cent saccharated red oxide of iron durmg tlie sensiti 
zation period The conclusion reached aaas that shock was modified by blocking 
the reUculo endothelial system m this way The authors believed that the so- 
called reticulo-endothchal blockade did not necessarily mean a diminished perme- 
abdity of the endothelium, but that there might be either a true blockade of the 
cells or an mcreased activity of the cndothehal elements, with a more rapid des- 
truction of the antigen and a consequent protection of the parenchamal cells of 
the splanchnic area 

Uichelazz.!, m 1927, found that the mimmura lethal dose of antigen for 11 
controls aaas 0 025 cc of serum per 300 grams of body weight Seventeen am- 
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mals were given 4 subcutaneous injections of a 2 per cent solution of saccharated 
iron oxide on the fifth, fourth, third and first days before the sensitizing dose of 
antigen The miTumum lethal dose of antigen for these animals was 0 05 cc of 
serum per 300 grams of body weight, or twice that of the controls Six animals 
were given 4 subcutaneous mjections of 1 cc of saccharated iron oxide on 4 con- 
secutive days, startmg 24 hours after the first mjection of antigen The nununum 
lethal dose of antigen for these animals was 0 3 cc of serum per 300 grams of body 
weight or 12 times that of the controls In another senes, the mmimum lethal 
dose of antigen for the 7 controls was 0 3 cc of serum per 100 grams of weight 
In the senes of 7 animals treated with 4 cc of drug 4 hours before shock, the 
mmimum lethal dose of antigen was 0 9 cc per 300 grams of weight, or 3 times 
that of the controls 

Summary Michelazzi offered well controlled evidence that the administra- 
tion of saccharated iron oxide modified shock if given before sensitization or 
dunng the sensitization penod Similar results were obtamed by Petersen, Jaffe, 
Levmson and Hughes bj^ treatmg dogs dunng the sensitization penod 

Kepkahn 

Karsner and Ecker, m 1924, obtamed some evidence of inhibition of shock with 
kephahn, given m dosages of 0 014 or 0 028 mgm per gram half an hour before 
shock In this senes 3 of the 5 animals given the smaller dosage and all of the 
5 given the larger dosage survived the shockmg dose of antigen lethal for an im- 
stated number of controls Results were less stnkmg when treatment was given 
1 hour before shock No protection was obtamed when treatment was given 24 
hours before shock Although extremely conservative m their conclusions and 
realizmg the possible fallaaousness of their results, on account of the small number 
of animals, the authors concluded that their results with this colloid wrere suf- 
fiaently encouraging to justify further experimentation 

Lanolin 

Fujioka, in 1925, stated that both active and passive anaphylaxis could be 
prevented by blocking the reticulo-endothehal cells with an emulsion of lanohn 
We have been able to read only the abstract of this paper 

Lecithin 

Anderson and Frost, in 1910, gave 6 sensitized gumea pigs 0 25 gram of egg lea- 
thm 24 hours before the mjection of 5 cc of horse serum Five animals had shock, 
1 of them dymg The authors did not consider this mdicative of any modifica- 
tion of shock 

Banzhaf and Steinhardt, m 1910, obtamed no protection by emulsifymg leathm 
with the shockmg dose of antigen Leathm given m doses of from 250 to 500 
mgm , however, protected sensitized gumea pigs from 5 cc of horse serum given 
20 hours later No protocols were given for these experiments 
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Achard and riandtn, m 1911, found that animals could be protected against 
shock by giving 0 25 gram of lecithin 2 hours before shock to 11 guinea pigs, or 
0 1 gram the day before shock, given to 4 animals The injection of lecithin 30 
minutes before shock attenuated it in 2 cases, but did not modify it m 2 otliers 
An unstated number of controls were shocked Details were lacking 

Doerr, in 1913, ated previous experiments with both purified and egg lecithm 
with which he was unable to obtain any protection against anaphylactic shock 
Carpam, m 1920, m a well controlled expenment with a rather small number 
of animals, mjected leathin subcutaneously, 3 cc of a S per cent solution in oUv e 
oil Protection against shock was obtained when this treatment was given before 
the second injection of antigen 

Schneider, in 1927, obtained no inhibition of shock by treating anunals with 
both radiation and subcutaneous injections of lecithin His senes was very 
small 

Summary There is no striking evidence that lecithm can inhibit shock The 
favorable reports of Banzhaf and Sremhardt, of Achard and Tlandin and of Car- 
pam are weal ened either by a lack of details or by the use of too small a senes 
of anunals The same cnticism applies to the unfavorable work of Anderson and 
Trost, of Doerr and of Schneider 


Lipoids 

For the work done with antitrvpsin, kephabn and lecithin, the reader is referred 
to these headings 

Duprez, in 1922, concluded that hpoids exerted an anti anaphylactic action 
He used the acetone insoluble Wassermann antigen of Bordet Gumca pigs 
sensitized with 2 cc of horse serum were given 2 cc of the hpoid emulsion intra- 
venously 1 hour before shock The treated animals had very mild or no shock 
and an unstated number of controls died No protocols were given 

Slcni and Keiss, in 1922, workmg with dogs, found, as previouslv shown, that 
while the sensitizing mjection of antigen caused an increase in the blood lipoids, 
m anaphylactic shock they were lowered within ten minutes after the injection 
of antigen The authors correlated the lipoid content of the blood with its non- 
coagulability in shock 


Masncstiim sulphate 

Anderson and Rosenau, in 1908, found that no protection could be obtained 
by giving 0 1 gram of this drug subcutaneously the day before shockmg by the 
injection of 0 5 cc of serum in the brain One pig was used This was the 
titrated minimum lethal dose 

Rosenau and Anderson, m 1909, studied the effect of magnesium sulphate 
given subcutaneously as an anesthetic to sensitized gmnea pigs before shock 
No inhibition of shock i\as obtamed, whether calcium chloride was used to counter- 
act the effect of the magnesium sulphate or not Thirty seven animals were 
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treated with different combinations, the amoimts of serum for shock invariably 
being 6 cc given intraperitoneally Probably this represented multiple lethal 
doses 

Summaty There is no evidence that magnesium sulphate mfluences anaphy- 
lactic shock, but not all of the possibihties have been studied 

Manganese chloride 

Pico, m 1924, gave 35 gumea pigs 0 5 cc of manganese chlonde m 0 4 per 
cent solution, just before the shockmg dose of 1 cc of antigen Twelve of these 
treated animals had mild or no shock and 23 died No controls were given Never- 
theless, the author stated that the animals had been almost completely protected 
It must however, have been difficult to determme the degree of protection m the 
23 casualties Other experiments, done with sub-sensitizmg mjections of antigen 
and with manganese chlonde treatment during the mcubation period, were too 
small m number, although somewhat controlled, to allow any conclusions to be 
drawn The method, however, is of possible mterest 

Klopstock, m 1925, m a small, but controlled series, found that none of the 6 
gumea pigs treated with 1 mgm of manganese chlonde died when given the second 
mjection of anbgen, although 4 of them had severe shock Four of the 6 untreated 
controls died and 1 of the survivors had acute shock The author concluded that 
manganese chlonde protected, but, m our opmion, the senes was too small to be 
more than suggestive 

Summary Of the 2 articles on the use of manganese chloride, Pico’s is un- 
controlled and his conclusions do not follow from the data presented Klop- 
stock’s well controlled work presented evidence m a small series of animals that the 
drug may have an mhibitory action There is, however, no entirely conclusive 
evidence in regard to manganese chlonde 

Mercurochromc-ZZO 

Martin and Hill, m 1930, found that while mercurochrome given mtravenously 
m doses of 5 mgm per kilogram had no mhibitory action if given early in the 
sensitization penod, wffien the drug was given the day before the shockmg dose 
of antigen, the treated animals had defimtety less shock than the controls Thus 
of 51 treated animals, 30, or 58 8 per cent hved and 21 died, while of the 37 con- 
trok, 13 or 35 1 per cent lived and 24 died 

Mineral water 

Billard, m 1913, sensitized gumea pigs with an imknown amount of antigen 
and gave one set 6 daily intraperitoneal mjections of 2 cc of Eau de Cesar A 
similar set received 2 cc of Eau de Sam-Mart (Royat) Foiuteen days after sensi- 
tization, the shocking dose of antigen was given The sole survivors w'ere the 6 
animals treated with Eau de Saint-Mart The degree of the second injection w'as 
not given No distilled water controls were made 
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Chaussevant, Galup and Poirot Dclpech, m 1913, studied transported Vichy natcr 
24 hours old and found no difference between the treated guinea pigs and the con 
trols which had receiNcd distilled water The authors believed, for no stated 
reason, that if mineral waters desensitized, it was on account of radio active sub- 
stances contained therem 

Gobert, in 1913, treated guinea pigs witli 2 cc of water from Ain Sbn (Korbous) 
for 11 da\s He agreed that Chassevant, Galup and Poirot-Dclpcch that the 
treated animals, when shocked, behaved like the controls The senes was short 
but the number of controls, 4, equaled the number treated However, 3 different 
shocking doses of antigen were given these 8 animals 

BtUard and Grdlely, in 1913, studying Vichy water, obtained results similar to 
those of Billard with Roy at water Thevused rabbits, sensitized with horse scrum, 
and found that while the anunals treated wath water from 1 spring Chanel, had 
almost no shock, those treated from 2 other spnngs had as much shock as the 
controls The\ therefore concluded that mineral waters could modify anaphy- 
laxis favorably or unfavorably, dependmg upon the source of the water No 
protocols were given 

Billard and Daupeyroux, in 1913, made a bncf report of a study of Bourboule 
water at its source Twenty five rabbits were used, S controls and 5 in eacli 
group given different amounts of treatment The second dose of antigen was 
given on 3 different davs after sensitization, so that the number of anunals used 
for any given test must have been very small No protocols were given and it is 
difficult to evaluate the results, but the authors believed that definite attenuation 
of shock was obtained m some of the tests 

Uoiiieout, m 1919, worked with rabbits, continuing Biiiard's work He claims 
to have obtained good results 

Pcrreyrolles, in 1919, confirmed the findings of Richet, of Belhn, whom he cites 
without reference and of Daupeyroux Ferrev rolles, however, presented none 
of his own experiments 

Galup, in 1920, summarized the articles to date, without giving further expen 
mental work 

Kopaczniiski and A JJ Rojo, in 1920, reported expenments in which the 4 
animals treated with mineral water had no shock, while the one and only control 
died It IS impossible to draw definite conclusions from such a senes On the 
theory that the sensitizing action of mmeral waters was due to the presence of 
carbonates and bicarbonates, the authors also reported some expenments with 
these substances, which will be cited under the headings of Sodium Carbonate 
and Sodium Bicarbonate 

Arloing and Vaul/ty, in 1921, studied transported Vichy waters hermeticallv 
sealed when collected and used 24 hours later Two controls were used, both of 
which had extreme shock, 1 dving in 24 hours and the other after 4 days Of 9 
anunals treated with mmeral waters, 6 had mild or no sliock and 3 died The 
authors concluded that both Vichy waters tested could attenuate or suppress 
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shock if given in sufficiently large amounts over a long enough, time They also 
beheved that the viscosity of the blood was augmented by these waters 

Arloing md Vauihy, m 1922, m their second paper, gave daily subcutaneous 
injections of a 4 cc of vanous Vichy waters for 21 days The shockmg dose of 
antigen was “quelques gouttes,” given intracranially 24 hours after the last treat- 
ment The treated animals, 6 from each of 4 spnngs, had shght or no shock, 
while the four controls, 1 for each set, had severe shock, 3 with recovery This is 
certamly a suggestive paper 

Arloing and Vauthy, m 1922, m a third paper, gave Vichy waters with the 
shockmg dose of antigen, which was 0 25 cc of serum, diluted with either 0 75 or 
4 75 cc of water The authors beheved that they obtamed defimte protective 
action from all three sources The treated series was very small Of 4 treated 
animals, from each of 3 spnngs, all lived, while 1 of the 2 controls died This was 
not a staking paper, because only 1 animal was used for each vanation of the expen- 
ment 

Arloing and Vauihy, m 1923, m a fourth paper, rmxed Vichy water with the 
sensitizmg dose of antigen Five treated animals recovered with shght shock 
and 5 of the 6 controls died, the other being acutely shocked In this case, it is 
possible that the antigen, mixed with the mmeral water, assumed another chemical 
structure and that the second mjection of untreated antigemc serum therefore 
was not specific 

Arloing, Langeron, Milhaud and Rtcard m 1923, used sulphur water from Lu- 
chon They claimed that protection was obtamed if the gumea pigs had 10 daily 
subcutaneous treatments with 2 cc of the transported water or 6 cc daily for 21 
days They gave no controls There was no titration for the minimum lethal 
dose of antigen Vanous antigens were used and very few animals were treated 
The results cannot be accepted as authontative 

Calm, m 1924, repeated the work of the French authors and was able to protect 
his gumea pigs with Vichy water The three treated animals that received from 
16 to 19 daily injections of Vichy water lived after the shockmg dose of antigen 
lethal for the controls Usmg German mmeral water from Fachmger, Wildung 
and Emser, he obtamed the same results with Eraser water, but no results of any 
value with Fachmger or Wildung water Although this experunent was earned 
out with a small number of animals, the difference between the treated and control 
animals was marked 

Hennjean and Kopacezewshi, m 1925, studied the iron uater of Spa and also 
iron m a state of hydrosol In the first set, all of the controls died, while all of 
the SIX gumea pigs treated with about 10 subcutaneous mjections of 0 5 cc of the 
mmeral water every 2 days for 20 days had very mild shock Of the animals 
treated m this way mtraperitoneally, 50 per cent died and 50 per cent had mild 
shock Other experiments gave similar results with mtrapentoneal treatment 
When treatment consisted of 1 mjection of 2 cc of the mmeral water mjected in- 
travenously just before the shockmg dose of antigen, all died m 1 set and all had 
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moderate shock m another It is not clear that additional controls n ere made with 
the sets done after the first senes as further controls were not recorded It is not 
\ ahd to carrj over controls from one set to others done at different times, so that the 
value of the other sets ma> bo questioned The first set, honeier, was cntirch 
vahd 

No details were given of cTperimcnls with iron in the state of hvdrosol The 
authors concluded that distinct phylactic properties nere possessed by the iiatcr 
studied In spite of their hypothesis that the Mater acts by augmenting the Vis 
cosiU of the blood, i c , in stabilizing the humoral colloids, the authors finally 
concluded Misely, that the mechanism of desensitization is still to be explained 

Pemn and Abel, m 1927, in an uncontrolled investigation, compared the de 
sensitizmg action of a mineral aatcr containing calcium sulphate and equivalent 
solutions of calaum sulphate 

Sakagnuit, in 1927, obtained mconclusive results by treating guinea pigs nith 
water from the hot springs of ^bano With rabbits, however, he obtamed some 
inhibition of shock Treating guinea pigs with mud from the same region intensi- 
fied shock Ills experiments were carefully controlled and seem vahd His 
bibhogiaphy contained a few references whidi we have been unable to obtain 

iuminary It is interesting to rev levv the results critically We find 14 articles 
reporting upon the helpful effect of continuous injections of certain spring waters 
in allay mg the fatal effects of the shocking dose of antigen 

Actually , S of them offer some definite evidence The first is Billard, who, un 
fortunately, does not give satisfactory protocols The work of Arlomg and 
Vauthy in 1922 seems vahd The investigations of Hennjean and Kopaczewski, 
of Cahn and of Salvagnini were well controlled 

Tor vanous reasons, the other su do not fulfill the very definite requuements 
of validity 

In regard to negative results, the work of Chassevant, Galup and Poirot- 
Delpeeh was well done and thev were unable to find any protection with trans 
ported waters 

lUlk 

See also Whey Protein 

Tor the technique of the experiments of Rusznydl. and Korinyt, m 1927, by 
which some inhibition of shock was obtained by injection of milk, please see 
“Cascosan ” 

In 1930, Martin and Bill found that the intramuscular injections of milk 
protein, (Aolan) throughout the sensitization penod protected a certain number 
of guinea pigs from shock 

Morphine 

Besredka, in 1907, found that from 14 to 18 centigrams of morphme hydro 
chloride caused no true narcosis m sensitized guinea pigs and that when shocked, 
the treated anunals died in the same manner as the controls 
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BanzJuif and Fanudener, in 1908, made a general statement that they could ob- 
tain no inhibition of anaphylactic shock with moiphme sulphate 

Summary There is no evidence from the studies of Besredka or Banzhaf and 
Famulener that morphme has any inhibitory action 

Mulhple sensthzahon 

Most of the early work done with multiple antigens was marred by the large 
amounts of antigen given m both the sensitizmg and the shocking doses and also 
because most of the mjections were made mtraperitoneally 
However, the work of Gay and Soulhard, m 1908 is deadedly worthy of con- 
sideration They showed that when guinea pigs were sensitized with three antigens, 
non-lethal remjection of 1 or 2 of these antigens was apt to desensitize the ani- 
mal agamst the third This phenomenon varied accordmg to the order m which 
the antigens, egg white, milk and horse serum, were given 

Bcssau, m 1911, earned out an eiqienment which has been more or less repeated 
by other investigators The mam differences were that Bessau mentions only 1 
control and later writers used a few Bessau, however, used a large dose of shock- 
mg antigen (0 5 cc ), given mtravenously, which should have been well over the 
minim um lethal dose He sensitized his animals with 2 sera and desensitized with 
small amounts of 1 of them, 0 05 cc given mtravenously, or 1 or 2 cc given intra- 
peritoneally Three of the doubly sensitized animals, which received 0 05 cc of 
one serum mtravenously 5 hours before the shockmg dose of the second antigen, 
all had shock b^ut recovered, only 1 of these animals having a severe reaction 
None of the 8 doubly-sensitized animals lived that received the mtravenous m- 
]ection of 1 serum from 1 to 2 days before the shockmg dose of the second serum 
Of 4 animals which received the desensitizmg serum mtraperitoneally 1 day before 
the shockmg dose, and 1 each treated 2 and 5 days before shock, all recovered 
His small number of animals and the paucity of his controls, render Bessau’s re- 
port of very httle value m itself 

Benjamin and Witzinger, m 1911, found that of 10 gumea pigs given 1 cc of 
horse serum 24 hours before sensitization with 0 01 cc of beef serum, 1 died 
when shocked with 0 2 cc of beef serum 9 days later, 3 had severe shock with re- 
covery and 6 mild or no shock All 7 of the comparable controls for this senes 
died The authors concluded that anaphylaxis could be inhibited by the mjection 
of serum before sensitization Withm the limit of the number of aTumak used, 
this conclusion seems justified This w'ork should be compared with that of Weil, 
m 1914, on the mhibition of passive anaphjdaxis by the injection of large amounts 
of normal serum before the administration of immune serum Weil’s study is 
cited under Normal Serum 

Bauer, m 1912, sensitized gmnea pigs with beef serum and hog plasma He 
gave 4 of them 3 cc of beef serum mtrapentoneally 2 days before shockmg them 
with different amounts of hog plasma, given mtravenously Two of these ani- 
mals died, 1 havmg received 1 cc of hog plasma, an amount lethal for a normal 



NON-SPECIFIC INHIBITION OF ANAPHYLICTIC SHOCK 191 


inimal, and 2 had mdd or no shock from doses of antigen Ictlial for the controls 
Although carefullj controlled, the number of animals used for the experimental 
vanations ivas too small to allow valid conclusions to be drawn 

izymaiKTdskt, m 1912, repeated in a more detailed manner the work outlined 
aboic He sensitized his animals with 2 antigens and then tried to desensitize 
with large, sublethal doses of one of them He was unable to show that the de- 
sensitization produced b\ the first antigen conferred more than a slight resistance 
to the second His work was well done, but may be criticized in that not enough 
animals receii ed the shocking dose of the second antigen to make his estimation of 
the mmimum lethal dose accurate 

Kumagat and Odaira, in 1912, carried out parallel experiments with passive 
anaphylaxis IMien guinea pigs were sensitized with both anti sheep and anti 
human rabbit sera and shocked with 1 antigen and then with the other, the ma\i 
mum non lethal dose of the first antigen was found not to protect against the 
second Only a few animals r ere used 

Wells and Osborne, in 1913,, found that heterologous proteins failed to give com- 
plete protection against the antigen, although animals sensitized with 2 antigens 
and shocked with one were less sensitive to the second 

ircii and Coca, in 1913, found that after double sensitization, descnsitization 
with 1 antigen rendered the animal only shghtly more resistant to the second 
antigen 

Dale, in 1912-13, came to the conclusion that when animals were sensitized with 
2 or more antigens, “descnsitization of the muscle with one antigen is not wathout 
effect on its sensitiveness to others " This work was done m vitro 

Besson, Ojnlz and Prciissc, m 1914, sensitued guinea pigs with 2 sera and 
then determined the lethal shocking doses of both Of five sensitized animals 
given sublethal amounts of 1 antigen, beef serum, and then given horse serum, the 
second antigen, 3 died and 2 hved, but the amounts of the second antigen giv en 
were too small to make any demonstration of mhibition of shock conclusive E\- 
penments were also done with local anaphylaxis in rabbits It was concluded that 
m doubly sensitized rabbits the intravenous reinjection of only 1 serum influenced 
the appearance of local anaphylaxis with either the homologous or the heterologous 
antigen It is unfortunate that the number of animals used m some of this rather 
original work was not greater 

J n Lewis, m 1915, demonstrated that the mjection of large amounts of 1 
type of anunal serum or egg white before the serum which was to be used for 
antigen would defimtely protect animals against the intoxicating dose of antigen 
This confirmed the earher work of Benjamin and Ikitzinger, cited above Lewis 
had a rather small number of controls, but his work was carefully done and as 
accurate as it was interestmg 

Massmi, in 1918, sensitized gumea pigs with 2 or 3 sera and found that a non- 
specific antianaphylaxis accompanied the specific desensitzation His technique 
made use of exased tissue 
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Lwni'ere and Coutuner, in 1912, sensitized animals with 2 antigens and after 2 
weeks admmistered subcutaneously sublethal doses of 1 of them Six and 4 hours 
later, the second antigen was given mtracardiaUy The controls died and the 
treated animals hved The next day the latter received 0 5 cc of the second anti- 
gen and died The experunent was w’ell done and demonstrated desensitization 
lastmg but a short tune 

Brack, m 1921, sensitized gumea pigs with 3 sera He found that their reaction 
was strongest to the antigen first used for sensitization and there was a clearly 
quantitative difference between specific and non-specific antianaphylaxis He 
used Massim’s techmque of studymg excised intestmal muscle 

Summary The work of Wells and Osborne, of Lumiere and Couturier, of P 
Lewis and of Benjarmn & Witzmger is all of value and seems to show that when 
2 or more antigens are given simultaneously for sensitization, the subsequent m- 
jection of 1 of these antigens will decrease the sensitivity of the animals for the 
other antigen Dale, Massmi and Brack, by their m vitro work, came to the same 
conclusion On the other hand, the well controlled work of Szymonow’ski, of 
Kumagai and Odaua and of Wed and Coco, did not produce evidence which 
could be so mterpreted The work of Bessau and his associates is, unfortunately, 
not acceptable on account of the lack of controls 

Myrosin 

Doerr, m 1908, cited the use of myrosin, but gave no reference or description of 
the experiments 


N eoarsphenamine 

Jimgeblutt, m 1928, studied the inhibitory action of this arsenical by treatmg 
sensitized gumea pigs before shock He gave mtravenously 1 cc of a 1 50 ddution 
of the drug to different animals 5, 15, 30 and 60 minutes respectively before the 
second mjection of antigen The minimum lethal dose of antigen, determined 
upon 4 animals, was found to be 0 3 cc intravenously administered All of the 
4 animals treated 5 mmutes before shock died as did 2 of the 4 treated 15 mmutes 
before shock Three of the 4 ammals treated 30 minutes before shock and all the of 
4 animals treated 1 hour before also died Parallel experiments with passive ana- 
phylaxis, m which the above mentioned dosage of drug w’as given, showed that 3 
of the 4 anunals treated 15 mmutes before shock hved as well as 2 of the 4 animals 
treated 30 mmutes before shock These experiments in passive anaphylaxis are 
of doubtful value on account of the small number of control animals The pro- 
tective action obtained by Brodm and Huchet by addmg sodium fonnaldeh}'de 
sulphoxylate to the second injection of antigen may be cited here 

Nephrectomy 

Pistocct, m 1920, could not find that nephrectomy had any influence on ana- 
phylactic shock Details of his experiments are lackmg 
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'Wot oprolm" and “N o' oprokin" 

Rystnyik and Kordnyi, m 1927, obtained evidence of inhibition of shock with 
"Novoprotin ” For the technique of the CTpcnmcnts, please see “Cascosan " 

Schneider, in 1927, obtained no inhibition of shock by giving animals both 
radiation and subcutaneous injections of "Noioprotein ” His experiments ate 
not comparable with thobe of Ry szny ik and Korinyi, because of the differences m 
method 

Olive ml 

Achard and Flandin, m 1911, gave injections of from S to 20 cc of olive oil 
before the mjection of antigen without any protection 

Opium 

Besredka, m 1907 c, found that 1 cc of 1 per cent opium,although causmg nar- 
cosis, had no mhibitoiy action upon shock 

Orange juice 

See Vitamm C 


Oxygen 

Anderson and SchuUz, m 1909, gave artificial respiration with oxygen before 
the shocking dose of antigen and found that of their 16 treated guinea pigs, 7 am 
mals, or 43 per cent lived, as compared with 3 animals, or 18 per cent of the 16 
controls Combining atuficial respiration with treatment with adrenalin and a 
chloral hydrate urethane solution, some protection was also afforded, but the exact 
r61e of the oxygen in these tests cannot be determined 

Pancrcatin 

Anderson and Rosenaii, in 1908 gave 1 gram of pancreaUn subcutaneously the 
day before shock One guinea pig was so treated and died when given 0 5 cc 
of the serum antigen in the brain Some of the controls were killed wath 0 25 cc 
of antigen 

Lesiii and Dreyfus, in 1911, found that, in rabbits sensitized with egg white, 
shock could be repressed by addmg pancreatm to the second injection of antigen 
\Vhen the antigen was actinocongestin, similar treatment caused mhibition of 
shock, but less than m the egg white senes No protocols were given and the 
number of controls was not stated 


Paraldehyde 

Rosenau and Anderson, m 1909, gave 3 sensitized gmnea pigs 0 9 or 1 0 cc of 
paraldehyde by mouth 1 hour before shockmg them intrapentoneally with 6 cc 
of the serum antigen One anunal died, 1 recovered after marked shock and 1 
had mild shock No controls were given, but the authors concluded that the 
drug had but slight influence 
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Fepsifi 

Rosenaii and Anderson, in 1908 (Hyg Lab Bull, No 45), obtained no inhi- 
bition of shock by giving 0 5 gram of pepsin subcutaneously 1 day before the 
second injection of antigen, which was 0 5 cc injected into the bram Only 1 
animal was treated This was apparently the mmimum lethal dose of antigen 

Lesne and Dreyfus, m 1911, observed the same effects with pepsm as with 
pancreatin Rabbits sensitized to egg white could be protected from shock by 
addmg pepsm to the second dose of antigen When actmocongestion was used 
for sensitization, similar treatment with pepsm also mhibited shock, but less strik- 
mgly than m the egg white series No protocols were given 

Peptone 

Anderson and Rosenau, m 1908, found that 0 2 gram of peptone given sub- 
cutaneously the day before shock caused no mhibition The antigen was mjected 
into the bram m an amount of 0 5 cc 

Btedl and Kraus, m 1909, m an article without protocols, stated their behef 
that peptone and the shockmg dose of antigen acted m the same way, ammals 
treated with peptone havmg no reaction to the antigen and vice versa 

Pfeiffer and Mita, tn 1910, were primarily mterested m temperature variations 
They found m sensitized animals that if treatment consisted of the intraperitoneal 
mjection of 0 3 gram of peptone, m a 10 per cent solution, 1 or 2 days before shock, 
the temperature variations after shock were from 3 2° to 4°C But if this treat- 
ment was given 3 or 12 days before shock, no temperature variation w'as observed 
upon the mjection of the antigen, the 3 controls showmg variations from 5° to 9°C 
and all dymg Animals treated with 0 05 gram of peptone 3 or 4 days before 
shock also had much milder shock than the controls, which died The authors, 
therefore, seemed justified m their conclusion that anaphylactic shock could be 
influenced by peptone 

Pfeiffer, m 1911, found that of 8 animals given 0 25 cc of 10 per cent peptone 
and 2 given 0 3 cc (Table 28, page 633), 7 animals had definitely less shock than 
the 4 controls 

Kumagai and Odaira, m 1912, found that after intrapentoneal treatment with 
0 03 gram of peptone per 100 grams of weight 2 pigs survived 1 or 2 lethal doses 
of antigen This treatment did not protect 3 animals against 3 or 4 mmimum 
lethal doses These authors also did experiments with passive anaphylaxis 
Normal gumea pigs were given 0 5 cc of anti-sheep rabbit serum and 24 hours 
later 0 1 gram of peptone Twenty-four hours after the peptone, sheep serum was 
given mtravenously Of the 4 treated animals, 1 survived 2 minimum lethal 
doses and another 4, while 1 animal each died from 5 and 10 lethal doses Un- 
fortunately, there were only 2 controls for this mterestmg work on passive ana- 
phylaxis 

Heydc, m 1912, obtamed less reaction m animals given peptone 3 days before 
the second injection of antigen than was observed m the controls No protocols of 
this work were given 
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Bcsredia^ Sirdhcl and Juptllc, in 1913, reported 1 expenment in which 1 5 cc 
of 10 per cent peptone was given two hours before shock Although the peptone 
Itself caused a severe reaction, it failed to protect the animal from the subsequent 
intravenous administration of the scrum antigen No emphasis can be placed 
on this work 

Larsen, Alexander and Paddock m 1923, obtamed no mhibition of shock 
b} giving peptone 30 minutes before the second injection of antigen, or from 5 
doses of peptone dunng the sensitization penod There was no inhibition of re 
sponse m exased muscle treated with 4 cc of 4 per cent peptone Some inhibition 
of response, however, was obtamed with 6 or 8 cc of this peptone solution and 
complete inhibition with 10 or more cc Of the 16 controls for the m vivo experi- 
ments, 6 died, 1 had moderate shock, 7 slight shock and 2 no shock All injections 
were made intracardially 

Karsner and Lcker, in 1924, treated sensitized guinea pigs with 0 005 or 0 01 
ragm per gnm of peptone m 0 1 or 0 2 per cent solutions \Vhcn the treated 
animals were given a shocking dose of antigen lethal for 4 controls, it was found 
that of 3 animals given the smaller dose of peptone 30 minutes before the antigen, 
1 died and 2 had severe shock with recovery Of three animals given the larger 
dose of peptone 30 minutes before shock, 1 died and 2 had mild shock When 
treatment was given 24 hours before the second injection of antigen, 2 died and 1 
recovered from severe shock in both senes, i e , 3 given the smaller and 3 the larger 
dosage of peptone The authors interpreted these results as indicating that 
peptone protected for at least half an hour, but that this action had almost entirely 
disappeared in 24 hours In view of the fact that the venation was onlj 1 pig in 
each set, that is, treating 30 mmutes before 1 of 3 died, and treating 24 hours 
before 2 of 3 died m each set, such general conclusions do not seem statistically 
justified without a much larger senes 

Summary Of the favorable reports on the mhibitor> action of peptone, those 
of Pfeiffer and Mita, and of Pfeiffer offer the most convincmg evidence The 
studies of Karsner and Ecker, of Kumagai and Odaira and of Brodin and Huchet 
are less conclusive because of the smaller senes used, while the articles by He>de 
and bv Biedl and Kraus are entirely lackmg in protocols Of the unfavorable 
reports, those of Rosenau and Anderson and of Besredka, Strobcl and Jupille are 
extremely limited in the number of animals used The work of Larsen, Haigh, 
Alexander and Paddock is carefully controlled and shows no mhibition of shock 
b> treating sensitized animals with peptone They did, however, obtain inhibition 
of response by adding large enough amounts of peptone to the solution used for 
the suspension of exased muscle In short, there is some, but not striking evi 
dence that peptone mav inhibit shock within certam defined limits 

Ptlocarptnc hydrochloride 

Levy Solal and Tzanck, in 1923 gave intracardially 1 mgm of pilocarpine hv- 
drochloride per 500 grams of body weight simultaneously with the shocking dose 
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Pepsin 

Rosenaii and Anderson, in 1908 (Hyg Lab Bull, No 45), obtained no inhi- 
bition of shock by giving 0 S gram of pepsin subcutaneously 1 day before the 
second injection of antigen, which was 0 5 cc injected mto the bram Only 1 
animal was treated This ivas apparently the mmunum lethal dose of antigen 

Lcsn& and Dreyfus, m 1911, observed the same effects with pepsm as with 
pancreatm Rabbits sensitized to egg white could be protected from shock bj 
addmg pepsm to the second dose of antigen ^^^len actmocongestion vas used 
for sensitization, similar treatment nith pepsm also mhibited shock, but less strik- 
mgly than m the egg white senes No protocols were given 

Peptone 

Anderson and Rosenau, m 1908, found that 0 2 gram of peptone given sub- 
cutaneously the day before shock caused no inhibition The antigen -nas mjected 
mto the bram m an amount of 0 5 cc 

Biedl and Kraus, in 1909, m an article without protocols, stated their behef 
that peptone and the shockmg dose of antigen acted in the same way, ammals 
treated with peptone havmg no reaction to the antigen and vice versa 

Pfeiffer and Mila, in 1910, were primarily mterested m temperature vanations 
They foimd m sensitized animals that if treatment consisted of the intrapentoneal 
injection of 0 3 gram of peptone, m a 10 per cent solution, 1 or 2 days before shock, 
the temperature variations after shock were from 3 2° to 4°C But if this treat- 
ment vas given 3 or 12 days before shock, no temperature vanation was observed 
upon the mjection of the antigen, the 3 controls showmg vanations from 5° to 9°C 
and all dymg Animals treated with 0 05 gram of peptone 3 or 4 days before 
shock also had much milder shock than the controls, which died The authors, 
therefore, seemed justified m their conclusion that anaphj lactic shock could be 
influenced by peptone 

Pfeijfer, in 1911, found that of 8 ammals given 0 25 cc of 10 per cent peptone 
and 2 given 0 3 cc (Table 28, page 633), 7 animals had defimtely less shock than 
the 4 controls 

Kitmagai and Odaira, m 1912, found that after mtrapentoneal treatment iMth 
0 03 gram of peptone per 100 grams of weight 2 pigs survived 1 or 2 lethal doses 
of anbgen This treatment did not protect 3 animals agamst 3 or 4 mmimum 
lethal doses These authors also did experiments with passive anaphylaxis 
Normal giunea pigs were given 0 5 cc of anti-sheep rabbit serum and 24 hours 
later 0 1 gram of peptone Twenty-four hours after the peptone, sheep serum was 
given mtravenously Of the 4 treated animals, 1 survived 2 mmimum lethal 
doses and another 4, while 1 animal each died from 5 and 10 lethal doses Un- 
fortunately, there were only 2 controls for this mterestmg work on passive ana- 
phylaxis 

Heyde, m 1912, obtamed less reaction m animals given peptone 3 days before 
the second mjection of antigen than was observed m the controls No protocols of 
this work were given 
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Besmlka, Strobcl and Juptlle, jn 1913, reported 1 cxpeninent in which 1 5 cc 
of 10 per cent peptone was gi\cn two hours before shock Although the peptone 
Itself caused a severe reaction, it failed to protect the anunal from the subsequent 
intravenous admmistration of the serum antigen No emphasis can be placed 
on this work 

Larsen, llaigh, Alexander and Paddock m 1923, obtamed no mhibition of shock 
bi gi\ mg peptone 30 minutes before the second injection of antigen, or from S 
doses of peptone during the sensitisation pencai There was no inhibition of re- 
sponse in erased muscle treated with 4 cc of 4 per cent peptone Some inhibition 
of response, however, was obtamed with 6 or 8 cc of this peptone solution and 
complete inhibition with 10 or more cc Of the 10 controls for the in vivo eiqien- 
raents, 6 died, 1 had moderate shock, 7 slight shock and 2 no shock All injections 
were made intracardially 

Karsner and Ecker, in 1924, treated sensitized guinea pigs with 0 005 or 0 01 
mgm per gram of peptone m 0 1 or 0 2 per cent solutions WTicn the treated 
animals were given a shocking dose of antigen lethal for 4 controls, it was found 
that of 3 animals given the smaller dose of peptone 30 minutes before the antigen, 
1 died and 2 had severe shock with rccoverv Of three animals given the larger 
dose of peptone 30 minutes before shock, 1 died and 2 had mild shock When 
treatment was given 24 hours before the second injection of antigen, 2 died and 1 
rccov ered from severe shock m both senes, i c , 3 given the smaller and 3 the larger 
dosage of peptone The authors interpreted Uicse results as mdicatmg that 
peptone protected for at least half an hour, but that this action had almost entirely 
disappeared in 24 hours In view of the tact that the vanation was only 1 pig m 
each set, that is, treatmg 30 mmutes before 1 of 3 died, and treating 24 hours 
before 2 of 3 died in each set, such general conclusions do not seem statisticallj 
justified without a much larger senes 

Summary Of the favorable reports on the inhibitorj action of peptone, those 
of Ffeillcr and Mita, and of rfciffcr offer the most convmcmg evidence The 
studies of Karsner and Ecker, of Kumagai and Odaira and of Brodm and Huchet 
are less conclusive because of the smaller senes used, while the articles by Heyde 
and b} Biedl and Kraus are entirely lacking in protocols Of the unfavorable 
reports, those of Rosenau imd Anderson and of Eesredka, Strbbel and Jupille are 
evtrcmcly hmitcd m the number of animals used The work of Larsen, Haigh, 
Alexander and Paddock is carefully controlled and shows no inhibition of shock 
by treatmg sensitized animals w ith peptone They did, how ever, obtain inhibition 
of response by adding large enough amounts of peptone to the solution used for 
the suspension of erased muscle In short, there is some, but not striking evi- 
dence that peptone may inhibit shock within certain defined limits 

Ptlocarptnc hydrochloride 

Eeoy Sola! and Tzanck, m 1923 gave intracardially 1 mgm of pilocarpine hy 
drochlonde per 500 grams of body weight simultaneously with the shocking dose 
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of antigen by the same route All of the 3 gmnea pigs so treated hved and the 
6 controls died Three other pigs were given the same dose of pilocarpine a few 
nunutes before the mtracardial mjection of the shockmg dose of antigen Two 
hved and 1 died The author made a general statement that other pilocarpme 
salts, espeaally pilocarpme mtrate were without effect 

Stoland and Sherwood, m 1923, m their experiments with exased uterme muscle 
found that pilocarpme exerted the same stimulation of the sensitized muscle as the 
antigen 


Pttuitnn 

Moldooan and Zolog, m 1923^ found that pituitrm, given after Chma ink and 30 
mmutes before shock, did away with the protective action of the mk 

Potassium chlorate 

Belin, in 1911, m a very small senes, m which there was usually only 1 control 
and 1 treated animal for each vanation, studied the action of potassium chlorate 
m gumea pigs sensitized with ass serum Both controls died, but animals sur- 
vived that had been treated with from 1 to 4 mjections of 2 to 5 centigrams of 
calcium chlorate subcutaneously The shockmg dose of antigen was given m- 
tracerebrally In other experiments, 0 25 cc of antigen was given intravenously 
Two controls so mjected died One treated animal received subcutaneously 2 
doses of 5 centigrams of drug 2 and 4 hours before shock Another received 10 
centigrams of drug by mouth two hours before shock Both treated animals 
hved One animal each treated with 1 or 1 5 cc of a 1 per cent solution of potas- 
sium chlorate, method of admimstintion not stated, given 2 mmutes after the 
shockmg dose of antigen hved Other sumlar tests were done, but it is impossible 
to evaluate the results on account of the small number of animals used and the 
mcompleteness of the protocols There was, however, some evidence that potas- 
sium chlorate might mhibit shock It is possible that a study of larger senes 
would entirely change the findm^ 

Potassium oxalate 

Anderson and Rosenau, m 1908, found that 1 gram of this drug, mjected sub- 
cutaneously, had no effect when given the day before the shockmg dose of anti- 
gen, which was 0 5 cc of horse serum, administered mtracramally Only 1 
animal was treated The amount of antigen used was apparently the mimmnm 
lethal dose 


Potassium permanganate 

Rosenau and Anderson, m 1906, added 3 cc of a 1 per cent solution of potassium 
permanganate to 25 cc of serum The mixture was kept for 40 hours at 15°C 
and filtered Three cubic centimeters of the filtrate killed the 1 animal tested 
Bdtn, m 1911, gave 1 sensitized gmnea pig 2 centigrams of potassium per- 
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m'lTiginate subcutaneousK , \\ hours before the mjectiou of 2 lethal doses of 
antigen The animal had acute shock, but recovered The 1 control died An- 
other animal, given 0 5 cc of a 1 per cent solution of drug 2 minutes ajtcr the 
shocking dose of antigen also lived, wlulc two controls died 

Pregnancy 

J Duran Rcyi alls, in 1920, is ated by Lumicre and Couturier, 1922, for his 
statement that sensitized females seemed to lose their scnsitivitv during gestation 

LumUrc and Coutunerj in 1921, found that while males die in shock after 
the second injection of antigen, 0 6 cc , given intracardiallj , pregnant females 
had no marked shock After deUveiy, scnsitivit> reappeared No protocols 
were given and the number of animals used was not stated 

Lumtirc and Coufnncr, m 1922, found that pregnant guinea pigs v ere resistant 
to anaphylactic shock and to shock from other causes The authors introduced 
ovules of sterile rubber of the volume of the utenne sac into the pentoneal 
cavitv and failed to inhibit shock From this they concluded that pressure was 
not the cause of the inhibition m pregnancy No inhibition was obtained by 
castration or administration of sexual gland extracts This protection the authors 
finally attributed to the mocase m blood \ olurac w Inch occurs m pregnancy No 
protocols were given 

Picrrci and Crampon, in 1923, noted the absence of shock in gravid guinea pigs, 
but gave no details 

Sun Mary No definite proof has been offered that animals are desensitized 
dunng gestation, although the findings of all of those who have studied this aspect 
of the problem are m agreement It is unfortunate that details arc lacking 

Pressure 

See “Pregnancy Lumihc and Couturier, 1922 

Quinine 

]M I Smith, m 1920, found that the subcutaneous administration of quinine 
to sensitized gumea pigs before the administration of the shockmg dose of antigen 
increased their susceptibility to shociv 

Rice, polished 

See “Vitamin B ” 


Roentgen ray 

Rosenau and Anderson, in 1906, treated the serum used for the shocking dose 
of antigen with 40 amperes at 4 inches for 40 minutes without modifying its 
toxicity 

Von Eeinnch, m 1913, foimd that 6 guinea pigs, given an cry thema dose of 
radiation, 3 iCalom, on the day of sensitization, lived when shocked 21 day s later, 
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while the 2 controls died Similarly 1 of 2 animals was protected agamst 2 mmi- 
mum lethal doses of antigen, and 1 of 2 agamst 3 lethal doses, but no protection 
was obtamed agamst larger amounts of antigen Treatment with 3 Kalom given 
8 days after sensitization seemed to have protected 2 animals One of 2 ammals 
was protected when this treatment was given 14 days after sensitization No 
protection was obtamed treatmg 3 hours before shock Two gumea pigs, irradi- 
ated 14 days before sensitization, survived amounts of antigen lethal for 2 controls 
These experiments throughout, however, were insufficiently controlled, no allow- 
ance bemg made for mdividual vanation m the ammals An mterestmg experi- 
ment was done m passive anaphylaxis by irradiatmg 2 gumea pigs 3 weeks after 
their sensitization, transferring their sera to normal animals which then had no 
shock when given antigen, while both of the controls were shocked 

Corper, Black and Moore, in 1922, found roentgen ray treatment ivithout effect 
A maximum non-lethal irradiation had no inhibitory action when given 7 days 
before sensitization, at the time of sensitization, or 7 days before or on the day 
of the second mjection of antigen Nor was any mhibition obtamed by giving 
repeated small or medium exposures before and durmg sensitization 

Schneider, in 1927, obtamed protection by radiation with a lethal exposure on 
the day of sensitization or on the 1st and 2nd days thereafter No protection was 
obtamed with the same treatment durmg the rest of the sensitization period, or 
with smaller amounts of radiation Combmmg radiation with subcutaneous in- 
jections of leathm or of novoprotem gave no protection m the 3 ammals so treated 
Summary Radiation of the antigen used for shock was found valueless by 
Rosenau and Anderson Evidence that exposure of the experimental animals 
before or at the time of sensitization protects them from subsequent shock has been 
offered by von Hemnch and by Schneider, although Corper and his associates 
were unable to demonstrate such an inhibition Neither von Hemnch nor Corpor, 
Black and Moore obtamed any evidence of inhibition of shock by exposure to 
Roentgen ray durmg the mcubation penod 

Saponin 

Kopaczewski and Vahram, m 1919, made a general statement that anaphylactic 
shock could be mhibited by lowermg the surface tension of the blood by an m- 
jection of an 0 5 per cent solution of saponm 

Seed exlracls 

Isaacs, in 1924, worked with seed extracts, or “Proteogens ” Of 5 lots of 
control animals, 20 died and 7 recovered when the shockmg dose of antigen was 
1 cc of 10 per cent egg white given mtrapentoneally Of the gumea pigs treated 
with extract no 1, 0 015 to 0 25 cc from 4 to 24 hours before shock, 40 animals 
died, 2 of these havmg been starved for 24 hours, and 33 recovered Treatmg 
with extract no 2, 0 1 to 1 cc 4 injections, 2 days apart, the last 48 hours before 
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shock, 2 animals died and 1 lived When S injections nere given 24 hours apart, 
the results Mere the same Giving single treatments from 30 minutes to 6 hours 
before shock, 22 animals died and 13 lived The author concluded that seed 
extracts produced partial desensitization m over SO per cent of the anunals The 
treated animals that died behaved hi e the controls The treated anunals that 
survived also showed some shock symptoms, but less than the controls Isaacs 
also believed that there was an optunum for each extract and that desensitization, 
developing during the first hour after treatment, lasted for 24 hours or longer 

Serum fractions 

Besredka, in 1908, found that 0 2S ce of "petit serum,” given mtrapcntoneallj 
a few hours before the second injection of the whole serum antigen, protected 
guinea pigs Such protection was obtained with serum treated with 2 parts of 
alcohol to 1 of serum at 90°C , precipitated with phj siological water and filtered 
or dialyzed Treatment b\ rectum and large doses b> mouth were also effective 
Dale and Hartley, in 1916, found that “An effective dose of anv of the proteins 
to which the guinea pig plain muscle has been sensitized partiallv or completely 
desensitized it to the other proteins of the same serum ” 

itiarcs, in his first paper, in 1928, demonstrated the separate antigenic action 
of pseudoglobulin, of euglobulin and of scrum albumin 

Snares and Schaefer, m 1928, sensitizing gumea pigs with whole serum and 
treating them with scrum fractions, found that in the senes given from 1 to 3 
injections of euglobulin from 1 to 4 davs before shock, none of the 3 treated ani- 
mals lived One annual given 0 25 cc of pseudoglobulin intra arterially 2 days 
before shock survived 2 lethal doses, while another anunal, given 2 injections of 
serum deprived of euglobulin, 5 mmutes later survived 4 lethal doses of whole 
serum Animals given 1 injection of serum albumin, 1 w ith toxic and 4 wath atoxic 
preparations, all survived from 2 to 8 lethal doses, treatment being given in 
amounts of from 0 5 to 3 cc , by various routes No protocols for the controls 
were given, but evidently the lethal dose had been determined 

Three animals, sensitized with euglobulin and desensitized wath pseudoglobulm 
or serum albumin, lived after receivmg 2 or 5 lethal doses of euglobulm Two 
anunals specifically desensitized with euglobuhn died after receiving J to 2 lethal 
doses Three anunals, sensitized with pseudoglobulm, and treated with from 1 
to 2 cc of serum albumin or euglobulm survived 1 or 2 lethal doses Of the 2 
animals specifically desensitized wath 0 25 cc of pseudoglobulm, 1 surva ed 2 lethal 
doses and 1 died after 4 Animals sensitized with serum albumin and treated vath 
pseudoglobulm or euglobulm, survived 4 and 2 lethal doses re«pectj.e>i while 
the one given serum albumin as a control survived 3 lethal doses ’ 
Summary There is some evidence that the admmistration of strum f-actio 
will inhibit shock The evidence is not entirely conclusive on arernt th^ 
small number of anunals used and of the lack of protocols ° 
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Serum globulin 

Bauer, m 1912, sensitized guinea pigs with 1 cc of whole milk mtrapentoneally 
and 36 days later treated 5 of them with from 0 01 to 5 cc of beef serum globulm 
mtrapentoneally The next day they received 4 cc of casern intravenously 
Two controls, given the same amount of antigen died The 5 treated animals 
hved, but were shocked 


Serum, heterologous 

Rosenau and Anderson, m 1906, obtamed httle or no protection by givmg horse 
serum to gumea pigs previously sensitized with dog, hog, beef, sheep, cat or rat 
serum With 1 exception these animals all had shock upon the subsequent in- 
jection of the specific antigen 

Pfei£er and Mita, m 1910, studied the effect of the mjection of an heterologous 
serum upon the temperature drop observed in sensitized gumea pigs after the 
admimstration of small shockmg doses of antigen In 1 set of S animals, with 1 
control, 2 cc of heterologous serum, given mtrapentoneally just pnor to the 
speafic antigen, might have accounted foi^tte stabihty of the temperature curve 
The temperature of the 1 control dropped 3 6°C 

Ascoli, m 1910, sensitized gumea pigs to anti-diphthena horse serum From 
14 to 75 days later, he mjected retro-ocularly or mtracerebrally 0 2 cc of anti- 
diphthena sheep serum and about 50 per cimt of the annuals hved With these 
as controls, he then essayed the same type'of expenment with another set and 
obtamed better results, as all of his animals hved From IS mmutes to 6 hours 
after this second mjection, he gave mtracerebral mjections of normal horse serum, 
to determme whether or not his animals had been desensitized by the sheep serum 
and found that 3 of the 5 animals hved This was hardly a conclusive expenment 
In another series, he sensitized animals ivith normal sheep serum, desensitized 
them with 0 2 to 0 5 cc of horse serum, given either mtra-ocularly or mtra- 
cerebrally and then found that a second injection of sheep serum killed only 29 
per cent Unfortunately Ascoh had no controls for this experiment, which other- 
wise would have been of value 

Calvary, m 1911, sensitized dogs to horse serum and gave them beef serum 
before the second mjection of antigen, so protectmg the animals from shock The 
controls were not given 

Benjamin and Witzinger, m 1911, earned out a series of experiments m which 
horse serum was given 24 hours before shock to animals sensitized with beef serum 
It was found that while 5 or 62 5 per cent of the 8 controls died and 2 had severe 
shock with recovery, of the 17 treated animals, 7 or 41 1 per cent died and 4 had 
severe shock with recovery The senes m which treatment was given 3 or 4 days 
before shock had only 1 control 

Weil, m 1913^ brought out an excellent piece of work His number of control 
ammak was Small, but they died, having received substantially smaller doses of 
antigen than the treated animals that lived His work may be divided mto two 
parts, dealmg with, first, passive sensitization and, second, active sensitization 
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The dailj injection of several large doses of normal sheep serum and normal 
rabbit serum into guinea pigs prior to the administration of immune rabbit serum 
(horse) protected the animals against passive sensitization The author did not 
show how mucli protection was gamed This protection was manifest within 1 
to 2 days after prehminaiy treatment had ended and continued for at least two 
weeks 

“When pigs are activelj sensitized with normal horse scrum they are not de- 
sensitized b> 3 successive injections of 3 cc of sheep serum given subcutaneously 
at the end of the period of incubation ” In this eaperiment he used 6 animals 
The> were shocked with 0 2 to 0 3 cc of antigen and all died, the controls djing 
after 0 1 to 0 2 cc of antigen, alnajs given intravenously 

Brack, in 1921 stated that the injections of an heterologous serum in highl) 
sensitized animals could produce anaphylactic shock Tins non specific shock 
was less than the speafic, but could cause a lowering of sensitivitv to the homol 
ogous serum He used Massim's technique of study mg excised muscle 

Karsner and Eckcr, in 1922, tned the effect of giv mg various dosages of heterol 
ogous sera at different times before the shocking dose of antigen Sensitization 
was with either human or horse serum Horse, beef, human and hog sera were 
given intraperitoneally and subcutaneously for treatment The animals were 
divided mto 5 sets of 10, 16, 9, 8 and 9 pigs Four of these sets had two controls 
and the other set had one The controls cannot be grouped ns the experiments 
were done on different days and at various intervals alter sensitization It seems 
superfluous to insist upon more than this number of controls per set Out of 43 
treated animals, 29 lived and 14 died, but as in each set 3 or 4 various methods of 
desensitization were attempted and as time mtervals vaned not only between the 
sets but among the animals in the same set, there arc too few anunals to permit 
conclusions to be drawn, although this work is certainly interesting and suggestive 
Sumii ary No critical piece of work has been done which conclusively demon- 
strates that heterologous sera, injected before the shocking dose of antigen, will 
completely or partially protect against specific shock anunals which have been 
actively sensitized with one protein The work of Karsner and Ecker cannot be 
accepted as thev have no adequate controls In passiv e desensitization the work 
of Weil IS of importance and should be repeated He has shown that passiv elv 
sensitized animals mav be desensitized by the injection of heterologous sera 
There is also no definite work except that of Rosenau and Anderson, showing 
that protection is not to be gamed by the injection of non speafic sera before the 
second dose of antigen The work of Ascoli and Calv aiy does not offer conclusive 
evidence on either side, nor does that of Brack indicate that heterologous serum 
may actually cause shock 

Normal serum 

See also Heterophile Antigen 

Fnedberger and Barloch, m 1909, obtamed no protection by giving sensitized 
guinea pigs 2 cc of normal guinea pig serum just before shock with what was 
probably several lethal doses of antigen 
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Dale and Kellaway, m 1923, partially protected 1 guinea pig from shock by 
giving normal serum 70 mmutes before the second injection of antigen 

Wed, in 1914, made further studies of his interesting observations that from 1 
to 6 cc of normal rabbit serum would protect an animal against passive sensiti- 
zation with anti-rabbit immune serum This reaction was not specific and human 
serum, given in this way, protected against anti-rabbit and other sera This 
phenomenon Wed called “anti-sensitization” m distinction from desensitization 
or anti-anaphylaxis He also found that guinea pigs, sensitized with sheep serum, 
had no reaction to or desensitization by normal rabbit serum Animals sensitized 
with human asatic fluid had no marked reaction to normal rabbit serum, but could 
be desensitized by it for 3 days 

Kellaway and Cowell, m 1922, sensitized gumea pigs with horse serum albumin 
and endeavored to desensitize them with pooled normal guinea pig serum Three 
controls given the mmimum lethal dose died Of the 6 treated animals, 2 received 
3 cc of normal serum before the shocking dose of antigen Of these 1 survived 2 
minimum lethal doses and 1 died after 4 imnunum lethal doses Apimals were 
then given 3 cc of serum 2, 3J and 22 hours before the mmimum lethal dose, 
or multiples thereof The animals given 4 lethal doses 2 hours after treatment 
died, whereas the pig given 2 lethal doses 3| hours after treatment had no shock 
Twenty-two hours after treatment, 1 pig had slight shock from 1 lethal dose and 
1 pig died from 2 lethal doses The senes was too small for very definite conclu- 
sions but the paper is of mterest and should be confirmed The authors concluded 
that the maximum protection was obtamed by treatment 1 hour before the 
shockmg dose of antigen 

Summary The work of Weil, less conclusively corroborated by that of Kella- 
way and Cowell, offers strong evidence that normal serum may inhibit shock 
under certam conditions Normal serum controls should be made m all studies 
where any tj^ie of serum is used for treatment 

Sodium hicarhonate 

Kopaczewski and Rofo, in 1920, had no shock in sensitized giunea pigs treated 
with 5 cc of 10 per cent sodium bicarbonate mtravenously or with 10 cc of a 
10 per cent solution given subcutaneously, either 30 or 60 minutes before the 
shocking dose of antigen Only 1 control was made so that the findings were not 
conclusive 

Eggstein, m 1921, contnbuted an excellent paper, quite the best of them all 
in our opinion, as the experiments were sufficiently controlled and the senes suf- 
ficiently large to allow conclusions to be drawn Treatment consisted of 0 1, 
0 3 or 0 4 gram of drug given mtravenously to sensitized guinea pigs from 10 to 
20 mmutes before the shockmg dose of antigen While all of the controls given 
comparable amounts of antigen died, the mortality among the treated animals 
was from 78 5 to 92 8 per cent, that is, there was a definite balance in favor of the 
treated animals It is possible that the amount of the shockmg dose of antigen 
was unnecessarily large 
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Arlomg and Vaulhey, m 1921, found that 0 5 per cent sodium bicarbonate in- 
jected for 10 or 20 days during sensitization, could inhibit shock The senes, 
hoisever, was small and there were not enough controls The shocking dose of 
antigen, 0 25 cc of serum, was injected into the sub arachnoid space 

Combiisco and Brauncr, in 1928, studied the desensitizing action of saturated 
solutions of bicarbonate of soda in passive local anaphj laxis of the rabbit They 
obtained weaker skin reactions m sensitized animals after 10 cc of saturated 
solutions of sodium bicarbonate had been given intravenously, or when the drug 
was given by mouth, than m the controls The antigen was administered intra- 
dermally 

Summary All four articles, 3 dealing with general shock and 1 with skin 
sensitization have given evidence of the inhibitory effect of sodium bicarbonate 
on shock Two of the studies, the paper of Combiesco and Biauner on skin re 
actions and the general paper ol Eggstein were sufEciently controlled to warrant 
the conclusions 


Sodium carbonate 

Kopacseu’slt and A 11 Roffo, m 1920, found that 3 cc of a 50 per cent solution 
of sodium carbonate given mtravenouslv, or 5 cc of this concentration injected 
subcutaneously 30 minutes before shod., inhibited anaphylaxis No protection 
was obtained by the intravenous injection of 5 cc of a 10 per cent solution or when 
5 cc of the 50 per cent solution was given subcutaneously 2 hours before shod 
Only 1 control was given for entire experiment 

Sicord and Tarojf, in 1921, Sound that 12 guinea pigs, given 1 cc of a 10 per 
cent solution of sodium carbonate intracardially just before the intracardial in- 
jection of the second dose of antigen, had no shod Of the 12 untreated controls 
given the shodmg dose of antigen in the same wav, 9 died at once and 3 had shock, 
but recovered Results w ere less conclusiv c m the series of 3 animals given sodium 
carbonate after the second injection of antigen, at the onset of shod, as two of 
these animals recov ered and 1 died 

Stcard and ParoJfj m 1921, in experiments without protocols or controls con- 
cluded that the intravenous injection of 2 5 per cent sodium carbonate or the 
addition of 0 3 to 0 4 gram of the drug to serum given intravenously would prevent 
serum sickness 


Sodium chloride 

Heilner, m 1908, conducted a few experiments in rabbits which had a sensiti 
zation of penod of from 1 to 3 montlis Treatment was with 4 per cent salt 
solution, given to 4 rabbits, 3 of which apparently died from the toxic effects of 
the salt The technique employ ed made the expenments not comparable with 
those of others 

Tricdbergcr and Ilarloch, in 1909, studied the effect of small and large doses 
ol sodium chlonde upon shod Of the two series of experiments with small 
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Arlomg and Vanihy, m 1922, in their third paper, found that diluting 0 25 cc 
of the serum antigen with 0 75 cc or with 4 75 cc of 0 7 per cent salt solution had 
no inhibitory effect m the 2 gmnea pigs so treated These were primarily con- 
trols for s imil ar experiments mth mmeral water 

Karsner and Eckcr, m 1924, m their study of the colloidal mhibition of shock 
made the general statement that '‘large doses of salt solution were effective, but 
m the small number tned, not so much so as is kephahn ” 

Wedgewood and Grant, m 1924, showed that 4 yoimg rats, kept on salt-free diet 
durmg sensitization, did not respond more to the second mjection of antigen than 
did the 8 controls 

Summary Of the reports which mdicate some inhibitory action of sodium 
chlonde, the most conclusive are the senes of animals given large doses of salt 
reported by Friedberger and Hartoch^ confirmed by Loewit, the report of Fned- 
berger and Langer on givmg salt by mouth, Ritz’ paper and the study of Richet, 
Brodm and Samt Girons on the dilution of the shockmg dose of antigen with salt 
The unfavorable reports are those of Armand-Dehlle and Launcy, who used a 
very small senes of animals, as did Arlomg and Vauthy The papers by Heilner, 
by Galambos and the senes of animals given small doses of salt reported by Fned- 
berger and Hartoch cannot be evaluated It seems evident, therefore, that 
under certam conditions, anaphylactic shock may be mhibited by sodium chlonde 

Sodium citrate 

Roscnau and Anderson, m 1906, obtamed no inhibition of shock by addmg this 
drug to the second dose of serum One per cent of the drug was added to the 
whole blood at the time of bleedmg Six cubic centimeters of such citrated 
serum killed both animals tested, but this may have been many lethal doses 

Van de Carr, Lyons and Williams, m 1928, found that 2 per cent sodium citrate, 
given mtravenously to sensitized gumea pigs, altered the colloidal state of the 
blood sufficiently to greatly increase the degree of anaphylactic shock 

Sodium cyanide 

Aviberg and Knox, m 1912, sensitized rabbits by combmed mtravenous and 
mtracutaneous mjections of horse serum and studied sodium cyamde for its 
oxidative effect They found that it caused an imtial mcrease m the reaction 
which later became less distmct 

Sodium formaldehyde-sidphoxylate 

Brodm and Huchet, m 1921, sensitized gumea pigs with horse serum and foimd 
that 1 month later a second mjection of 1 cc of imdiluted serum given mtra- 
cardially, killed 4 of the animals This seems a very high dose of antigen to 
employ by this route The remaming 18 animals received mcreasmg amounts 
of drug added to the shockmg dose of antigen At a concentration of 25 per cent 
of drug m 1 cc of serum, only 1 ammal mil died At loner concentrations, more 
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animals died Simdar results were obtained in dogs This work is worthy of 
consideration The authors were able to give as high as 1 gram per kilo to rabbits 
w ithout ill effects The rclaUon of this drug, CH OU— SOjNa to nov arscnobenzol 
should be considered m view of the inhibitorv effect of the latter 

Sodiiim il)ccc/wtale 

Kopacscviski and Vahram, in 1919, found that shock could be suppressed by 
the injection of 1 cc of a 1 per cent solution of sodium gly cocholate The num- 
ber of controls was not stated 


Sodium hidrotide 

Ambcrt and Knox, in 1912, used this to control erpenments with sodium cyanide 
and found more reaction with the cyanide than with the hydroxide 

Doerr, in 1912, cited without reference other work with sodium hydroxide 
which we have been unable to trace 

Sodium hyposulphite 

Ltmtlrc and Cheiroltcr, m 1920, found that their control group of sensitized 
animals, the number of which was not stated, all died after the second injection 
of the serum antigen, OS cc which, with 0 5 cc of physiological salt solution, 
was injected intncardially IXOien 0 5 cc of 5 per cent sodium hyposulphite was 
used to dilute the antigen instead of salt solution, none of the animals had shock 
sy mptoms The number treated was not giv en The same results were obtained 
in a confirmatory series 


Sodium lodoxyicnzoalc 

Atnbcrg and Knox, in 1912, working with skin tests m sensitized rabbits found 
that 10 cc of n/20 lodoxy benzoic aad, given intrav cnouslv, caused a dimunution 
of the skin reaction Controls with lodbenzoic acid and benzoic aad, showed no 
reduction 


Sodium nilnic 

Anderson and Rosenau, in 1908, found that the subcutaneous administration of 
this drug had no inhibitory effect One guinea pig had 0 3 gram of the drug and 
1 had 0 02S gram 3 mmutes before 1 cc of the serum antigen was given intrapen- 
toneally Both animals died The drug was used on account of its methaema- 
globm production 


Sodium oleate 

JobUing and Petersen, in 1914, found that sub lethal doses of soap solutions 
injected simultaneously with the second injection of antigen prevented shock 
This mhibition was obtained with serum albumin, but not when the antigen was 
whole serum 
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Kopaczewskt and Vahrant, in 1919, treated 8 sensitized guinea pigs with in- 
travenous injections of sodium oleate, given 5 mmutes before shock Two of the 
ammak died, and the rest had mild or no shock An unstated number of controls 
died after 0 3 cc of antigen The treated animals received 0 5 cc 

Sodium persulphate 

Belin, m 1911, found that 1 mjection of 5 centigrams of this drug subcutaneously 
caused sensitized gmnea pigs to die faster than the controls when shocked The 
number of animals treated was not stated and the number of controls was inade- 
quate 


Sodium sulphate 

Anderson and Rosenau, in 1908, obtamed no mhibition of shock by givmg 
0 1 gram of this drug subcutaneously the da}' before the shockmg dose of antigen, 
which was 0 5 cc of serum, mjected mto the bram Only 1 animal was treated 

Sodium taurocholate 

Kopaczewski and Vahram, in 1919, beheved that they could suppress shock 
by mjectmg 1 cc of a 1 per cent solution of sodium taurocholate The theory of 
its action was that of lowenng the surface tension of the blood 

Splenectomy 

Pistocchi, m 1920, could not find that splenectomy had any influence on ana- 
phylactic shock He gave no details, as to antigen, time of operation or the 
number of animals used 

Simitch, in 1926, considering splenectomy a satisfactory method of blockmg the 
reticulo-endothehal system, failed to obtam any protection in animals splenec- 
tomized 1 week before sensitization and treated with either China mk or iron 
oxide 1 day before sensitization No determination of the rmnimum lethal dose of 
antigen was made 

Klinge, m 1927, studying the Arthus phenomenon, found that splenectomy did 
not hmder it No protocols were given m this brief summary 

Starvation 

Argaud and Bnllard, m 1911, presented the hypothesis that mamtion for several 
days before shock should attentuate it Their reason for this view was that they 
had observed a disappearance of the white blood cells in starvation, while Lassa- 
bliere and Richet had noted a marked leucocytosis m sensitized ammak This 
theory was given without confirmatory experimentation 

Konslantof, m 1912, kept sensitized animals on water only for 4 days before 
shock The experiments were adequately controlled and showed differences m 
favor of the treated animals However, the number treated in any given group 
was small Three antigens were used and 3 doses of each antigen 
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Fricdbcrgcr and Langer^ in 1912, failed to protect 2 sensitized guinea pigs starved 
before shock, but did get protection if starvation and salt treatment were com 
bincd, and inanition being entirely unnecessar> 

Pxerret and Crampon^ in 1923, found that while tlicir untreated controls died 
at once after the intravenous injection of 1 cc of undiluted serum antigen, the 
animals fasted for 36 hours before the same amount of antigen had slight shock, 
none djing The same results were obtained with gumca pigs given for several 
weeks a “regime carancC,” i c , almost cntircl) dr> ha> Only a brief note was 
presented, without protocols or information as to the number of animals studied 
Zology m 1924, disagreed with Picrrct and Crampon, finding no difference in 
the degree of shock, in gumca pigs on a normal diet and those kept on water only 
for 24 and 48 hours before shock The minimum lethal dose of antigen was 
calculated per 100 grams of weight of animal, a fallaaous method 

Summary There is no entirely conclusive work to show that starvation can 
modify shod^ The work of Konstantoff is bv far the best, but is marred by the 
many variations, which reduce by too much the number of animals given any 
particular treatment 


Stovam 

Kopaczexi'sktf Rojfo and RoJ'o, in 1920, found that 0 25 cc of 2 per cent stovam 
given intravenously just before 0 5 cc of the shocking dose of antigen protected 
“all” of the treated animals, while “all” of the controls died 

Siryc/mtne 

Doerff m 1908, cited the use of strychnine without details 
Sucamc aetd peroxide {alphozonc) 

Anderson and Rosenau^ m 1906, found that 1 or 2 cc of a 10 per cent solution 
of this drug added to 25 cc of scrum had no effect upon its toxicity 

Sulphur 

Arlmng, Longeron, MMaud and Rtcard, in 1923, ga\ e no details of tieir expen- 
ments with colloidal sulphur 

Ruszynik and Koriny, in 1927, observing temperature changes in sensitized 
gumea pigs, believed that the injecUon of sulphur, probably a protem compound 
inhibited shock The technique of these experiments is given under "Cascosan ” 

Surgical inlerference, general 

See also Adrenalectomy, Brain Surgery, Nephrectomy, Splenectomy, Thymec- 
tomy, ThyToidectomy and Vagus Section 

Oele, m 1912-13, found that excluding the abdominal vnscera and the bram 
from the circulation did not inhibit anaphylactic response of the bronchioles of 
sensitized gumea pigs 
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Kopaczmskt and Vahram, in 1919, treated 8 sensitized guinea pigs with in- 
travenous injections of sodium oleate, given 5 nimutes before shock Two of the 
animak died, and the rest had mild or no shock An unstated number of controls 
died after 0 3 cc of antigen The treated animals received 0 5 cc 

Sodium perstilpltale 

Behn, m 1911, found that 1 mjection of 5 centigrams of this drug subcutaneously- 
caused sensitized gumea pigs to die faster than the controls when shocked The 
number of animals treated was not stated and the munber of controls was inade- 
quate 


Sodium sulphate 

Anderson and Rosenau, m 1908, obtamed no inhibition of shock by givmg 
0 1 gram of this drug subcutaneously the day before the shockmg dose of antigen, 
which was 0 5 cc of serum, mjected mto the bram Only 1 animal was treated 

Sodium iaurocholate 

Kopaczewski and Vahram, in 1919, beheved that they could suppress shock 
by mjectmg 1 cc of a 1 per cent solution of sodium taurocholate The theory of 
its action was that of lowenng the surface tension of the blood 

Splenectomy 

Pistocchi, m 1920, could not find that splenectomy had any influence on ana- 
phylactic shock He gave no details, as to antigen, time of operation or the 
number of animals used 

Smutch, in 1926, considering splenectomy a satisfactory method of blocking the 
reticulo-endothehal system, failed to obtam any protection in animals splenec- 
tomized 1 week before sensitization and treated with either Chma ink or iron 
oxide 1 day before sensitization No determination of the mmimum lethal dose of 
antigen was made 

Klinge, m 1927, studying the Arthus phenomenon, foimd that splenectomy did 
not hmder it No protocols were given m this bnef summary 

Starvation 

Argaud and Billard, m 1911, presented the hypothesis that manition for several 
days before shock should attentuate it Their reason for this view was that they 
had observed a disappearance of the white blood cells in starvation, while Lassa- 
bhere and Richet had noted a marked leucocytosis m sensitized animals This 
theory was given without confirmatory experimentation 

Konstantof, in 1912, kept sensitized animals on water only for 4 days before 
shock The experiments were adequately controlled and showed differences m 
favor of the treated animals However, the number treated m any given group 
was small Three antigens w'ere used and 3 doses of each antigen 
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rncdbergi.r at d hanger, in 1912, failed to protect 2 sensitucd guinea pigs star\ ed 
before shock, but did get protection if stamition and salt treatment uere com 
bined, and manition being cntireh unnecessars 

Picrrel and Crampon, in 1923, found that while their untreated controls died 
at once after the intravenous injection of 1 cc of undiluted serum antigen, the 
animals fasted for 36 hours before the same amount of antigen had slight shock, 
none d>ing The same results were obtained with guinea pigs given for several 
weeks a “regime carancC,” i e , almost cntirclj drj hav Onlj a bnef note was 
presented, without protocols or information as to the number of animals studied 
Zolog, in 1924, disagreed with Pierret and Crampon, finding no difference in 
the degree of shock in guinea pigs on a normal diet and those 1 ept on water onlv 
for 24 and 48 hours before shock The minimum lethal dose of antigen was 
calculated per 100 grams of weight of animal, a fallacious method 
Sumirary There is no entirelj conclusive work to show that starvation can 
modilj shock The work of Konstantoff is b> far the best, but is marred b) the 
many variations, which reduce by too much the number of animals given any 
particular treatment 


Slarain 

Kopaezeush, Rojfo and Rojfo, in 1920, found that 0 2S cc of 2 per cent stovain 
given mtravenously just before 0 5 cc of the shocking dose of antigen protected 
“all" of the treated anunals, while “all” of the controls died 

Slr^clmtna 

Daerr, in 1908, ated the use of strychnine without details 
Sticcime acid peroxide (plphozone) 

Anderson and Rosenau, in 1906, found that 1 or 2 cc of a 10 per cent solution 
of this drug added to 25 cc of scrum had no effect upon its tojicity 

Stdphir 

Arlomg, Longeron, Milhaud and Rieard, in 1923, gave no details of then expen 
ments with colloidal sulphur 

Ruszynik and Kordnyt, in 1927, observmg temperature clianges m sensitized 
Euinca pigs, believed that the injection of sulphur, probably n protein compound 
inhibited shock The technique of these experiments is given under "Cascosan ” 

Surgical interference, general 

Sec also Adrenalectomy, Bram Surgery, Nephrectomy, Splenectomy, Tliymec- 
tomy. Thyroidectomy and Vagus Section ’ 

Dale, m 1912-13, found that excluding the abdominal viscera and the brain 
from the circulation did not inhibit anaphylactic response of the bronchioles of 
sensitized guinea pigs 
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Manwanng, in 1910, ligated the aorta and vena cava above the diaphragm 
and found that the upper half of the sensitized animals generally did not react 
to the shockmg dose of antigen He also removed the gastro-mtestmal tract from 
the pylorus to the rectum, mcluding the pancreas, without obtaming any protec- 
tion Removal of the stomach, spleen, kidney, adrenals, ovaries and uterus also 
failed to protect Liver extirpation resulted, upon the second dose of antigen, 
m verj' shght shock m 7 dogs, no shock m 4 and definite but shght shock m2 It 
IS obvious that the primary object of these experiments was not to desensitize but 
to locate the site of the anaphjdactic reaction 

Voegthn and Bernlmm, m 1911, found that if the hver was excluded from the 
circulation, no shock occurred m sensitized dogs 

Talhamtne (terptne ozon&) 

Behn, in 1911, treated a few gumea pigs with this drug and concluded that sub- 
cutaneous or intravenous mjection of it inhibited shock if given before the second 
dose of antigen Treatment immediately after shock -was thought to have 
prolonged life The senes was too small and the controls too few to make these 
experiments conclusive 


Temperature reduction 

Fnedbergcr and Kumagai, m 1913, immersed sensitized animals before shock for 
4 minutes in v ater at 10°C While 0 025 cc of antigen killed 4 im treated controls, 
1 of the treated animals survived this dosage, two survived twice this amount, 
1 of 2 survived 0 07 cc of antigen, 1 survived 4 min imum lethal doses and one 5 
The authors, therefore, concluded that there was a definite lessenmg of sensitivity 
by this treatment The senes was short, but valid as far as it went In another 
senes, the lethal dose for 4 controls was 0 0075 cc of the antigen Treatment was 
3 mmutes m water at 10°C before shock Of the 5 treated animals, 1 survived 2 
lethal doses, and one 0 037 cc of antigen Seven and 10 lethal doses, however, 
killed 3 treated animals Immersion m ice water at 2°C , for 1 to IJ mmutes 
after shock was given to 3 animals, of these, one survived 2 lethal doses, 1 hvmg 
and 1 dymg after 1 lethal dose There is some evidence that the authors were 
justified m concludmg that coohng before shock protected the treated animals, 
but their conclusion that coohng after treatment also protects is much less vahd 
It should be bom m mmd that larger senes of controls and of treated ammpis 
might have yielded entirely different results 

Experiments with passive anaphylaxis showed that 4 of 7 controls died that were 
given 0 05 cc of sheep serum 24 hours after the mtrapentoneal injection of 0 5 
cc of anti-sheep serum Five of 6 other animals died that had been similarly 
prepared and given ice water after the sheep serum so that these results were far 
from stnkmg 
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Cirfer, in 1519, obliincd no descnsiliralion tliorium \ The drug 
spra after sensitization nitii egg while, horse scrum or milk /\ll of the 
ltd animals in the egg white set died In the scrum set, the results with Ihor 
r \ mai hate been v orse than the controls In the milk senes, the controls 
ti 

Ctasrunl,CiJup arsj Poira' Dfipeeh, in 1911, attributed the desensitizing action 
aarml water to the presence of radio nctixc substances The authors gaxe 
' mlcncc for this Iheorj 


Tlyi 

Bailiff in 1923, sensitized -1 tliimectomizcd nnunals with 0 02 centi 
izisc'5’'eep scrum Ttventx da )5 after sensitization, these -1 animals and S 
^ tuls rectwed 0 1 cc of shocking antigen All of the animals xxcrc scxerel> 
-excJ, all of the treated aniinals died and 1 of the controls hxed This xrork 
artpeaicd with similar results In another paper, 1923j these authors cited 
tfemtals in which ro protection was obtained in 10 Ihjaneclomized guinea 
■pi »*' eh had been sensitized 20 da) s after operation 


Tl^ytcticciovy 

<‘xth, in 1920, found that thx roidcctoaix would gixe protection against 
: lais m about 50 per cent of his animals lie pxe no details as to dosage 
P" o' aalijcn, or ns to the Urac of operation t4ii,,»4i„. 

ex, in 1922, from chntalob'erx-ationscondudcd that tte 

>1 gbnd had some relation to certain aspects of immum ) 
guinea pigs were sensitized with I cc of 1 ‘ 

controli (number not staled) were ^ tomizcd animab 
cnb) rax of the caroUd artcr) OflheSthjroIdo tom^ 

^'^toeifanx shockandlixcd One of the 2 that died was found to haxe 

fnismcnls of thxToid tissue ,r .( upon sensitiza- 

"f one half or more of the thx roid gland had no autho-s 

e did thjToidectom) after sensitization 1 ^ work 

seems X alid , , mtdcctomized gu rea 

ard JP 22 , showed that go mto 


herg, hte- in 1922, slioncd that H O 
^ ''“’uologous or heterologous immune s lli)TCr!dccto- 

'f >bxis upon receixmg the specific antigen -unable to elaborate 

tspigorrabbit,aftcraninjectionofliorse5eru i animals Tb-s 

"'Saihicb ro„i4 ...nsitizalion on otner 


“^tspigorrabbikaftcraninjectionofliorseseruiUi animals Tb-s 

which would confer passixe scnsitizst'O" 

. ^ well controlled , . „„ .Mrold extract dunrg 

*1 la 1922 b fed ihxTOidectomized iniinca P f second do-c o 

Sfflsituation. Six of them died in sli<^ « (l.yinidcctomized 
^‘">8 of 1 cc of a 1 10 dilution of seWiU j 

kid receveA .w exlmct had not IW 
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The work of Kepinow (1922), m which th 3 TOidectomized guinea pigs were 
given thyroid extract has been referred to under Thyroidectomy 

Kepinow, m 1923, concluded that weak doses of thyroid gland per os the day 
of shock were of no value, the same doses attenuatmg shock if given 2 days before 
Larger doses of thyroid gland extract, however, augmented shock The expen- 
ments were controlled and seem valid, although the number of animals used for 
each variation of treatment was small The author beheved that the action of 
the thyroid influenced the formation of anaphylactic antibodies 

Toxins 

Billard and Barb'es, m 1913, stated without experimental evidence that poisons 
selective for the nervous system, such as venoms, tetanus toxin, etc , could at- 
tenuate anaphylactic shock 


Transfusion 

Manwanng, m 1910, found that sensitized dogs, bled and given 1200 cc of normal 
dog blood, still reacted to the shockmg dose of antigen 

Trikrcsol 

Roscnau and Anderson, m 1906, obtamed no mhibition of shock by adding 0 4 
per cent of tnkresol to the second dose of serum This was used with ether as a 
preservative of the serum 


Trypan blue 

Isaacs, in 1925, gave trj'pa-n blue to gumea pigs 10 days before sensitization and 
durmg the sensitization period without effect on shock He therefore concluded 
that a different mechanism was mvolved m the production of anaphylactic sen- 
sitization than m the formation of anti-sheep hemolysis, as experiments in the 
production of haemolysin had shown that it was reduced m dye treated ammak 
No protocols were given 

Lewis and Loomis, in 1926, concluded that the allergic imtabihty of the gumea 
pig, that IS, its capaaty to react to antigemc substances, was increased by treat- 
ment with trypan blue The techmc employed renders the experiments non- 
comparable to others 

Klinge, in 1927, studymg local anaphylaxis, found that inflammation could 
be lessened or entirely prevented by the mjection mtravenously or directly mto 
the tissues of trypan blue the day before sensitization or just before the second 
mjection of antigen Protocols were not given m the article, which was a short 
summary of the work done 

Summary There is no conclusive evidence that anaphylactic shock can be 
modified by treatment with trypan blue 
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Ultra ttolcl light 

Giaume^ m 1928, concluded that treatment of the serum used for the second 
mjeetjon of antigen ^Mth ultra violet light resulted m an inhibition of shock in 
animals with normal serum, not in those sensitized with irradiated serum In 1 
set the 6 controls died, while 12 animals had no shock that received scrum which 
had been irradiated with a Bach lamp of 110 volts, contmuous current, 1500 
CP , at a distance of 50 ems , for 30 minutes Scrum was treated from 30 to 
60 minutes before use In another senes, 4 controls died and of 4 animals which 
had been given serum irradiated for 5 minutes, 3 survived moderate shock and 1 
died of hemorrhage Tour anmials given scrum which had been treated for 30 
minutes had no shock 


Urethane 

Besredka, in 1908, found that 0 4 gram of urethane prolonged tlie hfc of shocked 
gmnea pigs No protocols were given and the number of controls was not stated 

Anderson and Schultz, in 1909, as has been discussed under “Adrenalin** gave 
combmed treatments of urethane, chloralh>dratc and adrenalme and also in some 
cases, artificial respiration with oxygen The r61c of the urethane in these expen 
ments cannot be determined, but the results v\ith the treated animals were better 
than with the controls 

Roseuau and Atidcrscm, m 1909^ found no definite inhibition of shock b> givmg 
sensitized animals 0 9 or 1 0 gram or urethane b> mouth 45 or 70 minutes before 
the mtrapcritoncal injection of 6 cc of the antigen 

Urine 

PJetJ^cr, in 1911, stud>mg the increased toxicit> of urme m anaphylactic shock, 
earned out a few expenments on the mhibition of shock with urme In one senes 
(Table 33, page 611) gumea pigs were sensitized with normal horse serum and 
given 2 mtrapentoneal mjcctions of toxic, anaph> lactic urme, 18 and 19 da>s 
after sensitization The second injection of antigen was given 48 hours after the 
second treatment As compared with the 3 controls, the 2 treated animals were 
definitely protected 

In a similar series (Table 34, page 642), sensitized guinea pigs were given 2 
mtrapentoneal injections, as in the first senes, of 2 cc of toxic urme and it was 
found that 5 of the 8 treated animals were protected, as compared with the 8 
untreated controls No expenments with normal urme were described We there- 
fore have some evidence of the protective effect of unne, but none as to whether 
this IS limited to anaphylactic unne or not 

Vagus section 

Auer, in 1910, wxis unable to find that section of the vagus before or after dc- 
sensitization had an> effect upon the production of anaphylactic shock Neither 
did complete or partial degeneration of the vagus nerve 
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Auer and Lems, in 1910, found that section of both vagi had no protective 
effect upon shock, such as would be expected if the action of the second injection 
of antigen was upon the medullary centers There were no protocols for this work 

Fnedbcrger and Grober, m 1913, beheved that they obtamed defimte protection 
agamst 3 lethal doses of antigen by vagotomy Of the 8 untreated controls, 7 
died after from 0 23 to 0 35 cc per kilogram of the serum antigen and the 8th 
animal survived 0 26 cc per kilogram with shock Of the 4 gumea pigs with sec- 
tion of the vagus, 2 had bilateral section One of these died IS mmutes after 3 7 
lethal doses of antigen, the lungs on autopsy being a httle distended The other 
had light shock One anim al had left vagotomy and died without distension of 
the lungs 25 mmutes after 4 lethal doses of antigen The animal which had nght 
vagotomy had no symptoms from 3 5 lethal doses 

Galambos, m 1913, contmued the work of Fnedberger and Grober He found 
that of 3 gumea pigs with both vagi cut, 1 died of anaphylaxis after 0 6 cc of anti- 
gen, 1 which had 0 4 cc of antigen, was ill, but recovered and another died 30 
mmutes after 0 2 cc of antigen, with no anaphylactic pathology Of two animals 
with the nght vagus cut, 1 survived 0 2 cc of antigen and the other died from 0 6 
cc Of the the controls, 3 untreated animals were killed by 0 12 cc of antigen 

Summary Work has been done which show’s that vagus section may, m some 
cases, prevent fatal anaphylactic shock 

Vitamme A deficiency 

Wcdgewood and Grant, in 1924, workmg with rats, concluded that vitarmne 
A defiaency did not render their animals more sensitive 

Vitamin B deficiency 

Aberhalden and Wertheimer, m 1922, sensitized pigeons with beef serum and kept 
them on a diet exclusively of pohshed nee The second mjechon of antigen was 
given upon the appearance of alimentary dystrophy, that is, m about 20 days 
The 4 dieted animals had much more shock than the controk The techmque 
employed was that of observmg temperature changes All of the treated animals 
died, but only 1 of the controls 

WedgcTiVood and Grant, m 1924, found that if young rats were given a diet 
defiaent m vitamin B, they were predisposed to sensitization, or the effect of 
sensitization w’as mcreased Five rats were kept on a vitamm B defiaent diet 
for 2 weeks or longer dunng the sensitization period, and died when shocked 
The authors concluded that vitamm B — either desensitized, prevented sensitiza- 
tion or protected agamst shock 

Vitamin C 

Zolog, in 1924, kept gumea pigs on a scorbutic diet for 1 month before sensiti- 
zation and dunng sensitization He then found them resistant to 8 times the 
dose of antigen lethal for imdieted controls This dosage of antigen was calculated 
per 100 grams of weight 
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Wedsmood and Grant, m 1924, concluded thit vitamin C deficiency did not 
render >oung rats susceptible to sensitization 

11 edgmood, in 1924, kept S gumca pigs on a complete diet during 2 weeks of 
sensitization and found that then 1 cc of a 10 per cent solution of the antigen, 
egg white, given intraperitoneallj , killed all of them In the treated series, 5 
guinea pigs were given mtrapentoneally S cc of stcnle, neutralized orange jmee 
dailj during sensitization These animals had shock but recovered when given 
the same amount of antigen ns the controls In another group, kept on a scorbutic 
diet for 16 daj s before shock, 4 died and 1 recovered from shock 

Water 

See also Mineral Waters 

Besredka, in 1907-c, found that precipitation of the serum antigen with dis 
tilled water did not diminish the toaiatj 

Rtchet, Brodvt and Samt-Girons, in 1919, showed Oiat in 3 dogs, no protection 
against shock was obtained by diluting the shocking dose of antigenic serum with 
9 times Its volume of distilled water The amount of antigen maj have been too 
high to allow the determmation of small differences 

Whey protein 

Besredka, in 1908, found that while whey did not sensitize, when it was given 
intrapcntoneallj to guinea pigs which had been sensitized with milk, the animals 
were protected agamst the second injection of milk, given mtracranially He 
produced anti anaphvlaais wath 10 cc of “hut cru,” given by rectum or bv mouth 
The number of controls was not stated, 0 1 cc of antigen being the lethal dose 

Banzhaf and Steinhardt, in 1910, beheved that Besredka had diluted the active 
protein, not separated it into fractions 

Bauer, m 1912, sensitized animals with 1 cc of whole milk, given intrapen 
toneally and treated them with from 0 5 to 10 cc of whej protem, given mtra 
venously One ammal was used for each dosage Tor shock, 4 cc of casein was 
given mtravenouslj 1 da> after the whey protem mjection One of the 2 controls 
which received 4 cc of casern intravenously recovered after severe shock, and 
the other died Of the S animals treated with different doses of whej protein 
onlj the animals receiving the smallest amount of treatment, 0 5 cc died The 
2 which had 1 0 and 2 5 cc of whej had severe or moderate shock but recovered 
Those which had 5 and 10 cc of whey had mild or no shock In another senes of 
experiments, Bauer found that the 5 animals, treated with 0 5 to 20 cc of whey 
protein mtrapentoneally the day before shock, had mild shock upon the injection 
of 1 cc of casein intravenously The 3 controls died after the same amount of 
antigen This second senes, which was more convincmg than the first, because 
better controlled, seems to offer definite evidence that whey protein inhibits ana- 
phylactic shock with casein in animals sensitized to milk 

Reviews In addition to these articles on particular aspects of this problem. 
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the following reviews on the inhibition of anaphylactic shock may be cited Thom- 
sen, 1917, Kopaczewski, 1920, Widal, Abranu and Vallery-Radot, m 1921, who 
gave no bibhography, and the short paper by Isaacs m 1929 The problem is 
also discussed bnefly m the more general reviews on anaphylaxis, notably those 
of Doerr, in 1913, of Kraus, m 1919, of Coca m Tice’s Practice of Medicme, of 
Wells, m 1921, of Doerr, m 1922, of Dale, m 1922, and of Longcope, m 1923 
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THE CONTROL OF TONUS AFTER INJURIES TO THE BRAIN 
OR SPINAL CORD OF MAN 

ORTIiri LO R LANGWORTIIY 
Suh-ieparimenl oj heurohgy, the Johns Uopkins Unmrsily 

Some years ago the author published a review dealing with the 
morphologj' and physiology of the postural rcfle\ (Langworthy, 1928) 
B> the postural rcfle’c is meant the precise control of the pattern of 
tonus that makes it possible for the organism to counteract the force 
of gravity and to balance upon the legs In this review experimental 
data concerning the physiology of the postural reflex was presented 
and It was shoivn that this informaton was conflicting at almost every 
point One very illuminating result of this experimental work, how- 
ever, makes the whole subject more comprehensible Tonus is not 
controlled or mediated by one part or another of the nervous system 
but IS a function of the entire brain and cord acting together, a func- 
tion of the total individual (Cobb, 1925) Under these conditions it 
IS diflicult to evaluate the part played by different structures m the 
brain in this perfect control Yet this is exactly the thing that the 
physiologist has wished to do The question always anses in phys- 
iology as to the way in which results obtained from study of the dis- 
membered organism correspond to tlie pattern as seen in the intact 
individual 

Walshe (1929) has recently emphasized the fact that great care 
must be used in studying a problem such as tonus from the standpoint 
of phylogeny and applying the results obtained m the experimental 
anunal to the problem of tonus in man This has also been pointed 
out by the present author when he suggested, for example, that Rade- 
maker’s findings in the rabbit did not apply m their entirety even to 
other laboratory mammals 

It must be clearly understood that, in the course of phylogenetic 
development, now one portion of the central nervous system and now 
another has gained a dominant control over the tonic reflex From 
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time to time under the stimulus of increased peripheral or central 
cotmections, portions of the brain have undergone enormous increase 
in size and from these areas new efferent pathwa}^s have developed, 
dischargmg their impulses either directly or indirectly upon the cells 
of the final common motor path In phylogeny now one efferent 
pathway and now another has assumed a dominant control over the 
tome and phasic contractions of stnated muscle In lower vetebrates, 
local reflex arcs in the spinal cord are capable of controlling the pos- 
tural reflex m a fairly normal manner without the aid of impulses from 
the brain But in the ascending phylogenetic scale, the final common 
path has come to be more and more under the do min ation of higher 
cerebral centres The first important efferent pathway from the 
brain arose from scattered cells in the reticular formation of the brain 
stem, the vestibulo-spinal and then the rubro-spinal traits were de- 
veloped later. The efferent connections of the corpora striata show 
important phylogenetic vanations as Wilson (1914) has pointed out 
But m mammals these nuclei make only indirect connections with the 
final common path by way of the red nucleus, substantia nigra and 
thalamus Finally, the cerebral motor centres have undergone pro- 
gressive differentiation, exerting their influence directly or through the 
cerebellum Studies of the postural reflex, then, must take into con- 
sideration the relative functional importance of these efferent path- 
ways in the particular animal studied experimentally Among many 
well-known examples of the importance of this principle one might 
mention the wide variations in the behavior of man compared with 
the common laboratory mammals after injury to the cortico-efferent 
tracts or after complete transection of the spinal cord 

Smee there exist these differences m the functional importance of 
cerebral centres m different mammals it seems important to gauge 
their relative importance m one animal An opportunity to study the 
pathways controlhng tonus in man is made possible by the recent 
investigations particularly of English chnical neurologists There 
are, for example, the observations of Riddoch on spinal man (1917) 
of Holmes on cerebellar inj'unes (1917 and 1918), of Wilson (1914) on 
disorders of the basal ganglia and Walshe s (1929) interpretation of 
hemiplegia on the basis of modern physiology 

In order to correlate this matenal, tonus ivnll be considered in the 
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present paper under the following headings the control of tonus 
through a local reflex arc in a single segment of the cord, control by 
intcrsegmentdl spinal reflexes, bj the brain stem, by the cerebellum, 
bj the corpus striatum and by the cerebral cortex Although it would 
be best to consider each of these portions of the nervous system in 
terms of reflex arcs, controlling the primary reflex arc through the 
muscle. It IS extremely helpful in this general discussion to begin by 
presenting Sherrington’s thesis of the final common path 
It must, of course, not be forgotten that it is idle to speak of motor 
patliuays and influences mediated by them iMthout keeping the idea 
of the reflex arc clearly in mind The motor responses are in every 
case governed by sensorv' stimuli which activate the motor side of tlie 
reflex pathivaj Inasmuch as the sensory and correlation pathways 
are so diflicult to study anatomicallj and physiologically, it is perhaps 
permissible to simplify this extremely difficult problem of tonus as 
much as possible and focus attention on the motor side of the reflex 
pathway This has ever been the tendency of clinical and non-clin- 
ical investigators 


THE riNAL COSDION BATH 

Sherrington (1906) suggested that all the motor cells in tlie anterior 
gray columns of the spinal cord and all the motor cells of the cranial 
nerve nuclei be grouped togctlier and called the final common path 
since these neurones form the only pathway by which stimuli from 
central nervous system may exert an influence upon tlie tone and 
contraction of muscle or the activity of the glandular structures of the 
body It makes no difference how many impulses enter the nervous 
system, the only way they can produce a response is through the final 
common path 

Hernck and Coghill (1915) have given very interesting suggestions 
concerning the phytogeny of the final common path and have pointed 
out that in the course of development there has been a marked and 
progressive development in the motor activity possible They com- 
pare the central nerv’ous system to a funnel in which the sensoiy im- 
pulses are poured m at the top and the response through the final com- 
mon path forms the outlet In amphibia, for example, large numbers 
and types of sensory responses enter the nervous system but the final 
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tune to tune under the stunulus of increased peripheral or central 
connections, portions of the brain have undergone enormous increase 
in size and from these areas new efferent pathwaj'^s have developed, 
dischargmg their impulses either directly or indirectly upon the cells 
of the final common motor path In phytogeny now one efferent 
pathway and now another has assumed a dominant control over the 
tonic and phasic contractions of striated muscle In lower vetebrates, 
local reflex arcs m the spinal cord are capable of controlling the pos- 
tural reflex in a fairly normal manner without the aid of impulses from 
the brain But in the ascending phylogenetic scale, the final common 
path has come to be more and more under the domination of higher 
cerebral centres The first important efferent pathway from the 
brain arose from scattered cells in the reticular formation of the bram 
stem, the vestibulo-spmal and then the rubro-spinal traits were de- 
veloped later The efferent connections of the corpora striata show 
important phylogenetic variations as Wilson (1914) has pointed out 
But m mammals these nuclei make only indirect connections with the 
final common path by way of the red nucleus, substantia mgra and 
thalamus Finally, the cerebral motor centres have undergone pro- 
gressive differentiation, exerting their influence directly or through the 
cerebellum Studies of the postural reflex, then, must take into con- 
sideration the relative functional importance of these efferent path- 
ways m the particular animal studied experimentally Among many 
well-known examples of the importance of this principle one might 
mention the wide variations in the behavior of man compared with 
the common laboratory mammals after injury to the cortico-efferent 
tracts or after complete transection of the spinal cord 
Since there exist these differences in the functional importance of 
cerebral centres in different mammals it seems important to gauge 
their relative importance in one annual An opportunity to study the 
pathways controlling tonus in man is made possible by the recent 
mvestigations particularly of English dinical neurologists There 
are, for example, the observations of Riddoch on spinal man (1917), 
of Holmes on cerebellar injuries (1917 and 1918), of Wilson (1914) on 
disorders of the basal ganglia and Walshe’s (1929) interpretation of 
hemiplegia on the basis of modern physiology 

In order to correlate this matenal, tonus will be considered in the 
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lent paper under the following headings the control of tonus 
High a local reflex arc in a single segment of the cord, control by 
rscgmental spinal reflexes, by Uie brain stem, by tlie cerebellum, 
he corpus striatum and by the cerebral cortex Although it w ould 
best to consider each of these portions of the nervous system in 
ns of reflex arcs, controlling the pnmarj' reflex arc through the 
icle, it IS cxtrcmclj helpful in this general discussion to begin by 
icnting Sherrington’s thesis of the final common path 
t must, of course, not be forgotten that it is idle to speak of motor 
hways and influences mediated by them without keeping the idea 
he reflex arc clearh in mind Tlie motor responses are m every 
1 governed by sensory stimuli which actixate the motor side of the 
C.X pathway Inasmuch as the sensoiy and correlation pathways 
so diflicult to studj analomicallj' and physiologically, it is perhaps 
missible to simplif> this extremelj diflicult problem of tonus as 
ch as possible and focus attention on the motor side of the reflex 
hway This has ever been the tendency of clinical and non-clin- 
. investigators 


TUF IINAL COVniON rVTH 

ihernngton ( 1906 ) suggested that all the motor cells in Uie anterior 
j columns of the spinal cord and all the motor cells of the cranial 
ve nuclei be grouped together and called the final common path 
ce these neurones form the only pathway by which stimuli from 
itral nervous system mav exert an influence upon the tone and 
itraction of muscle or the activaty of the glandular structures of the 
1> It mal cs no dilTcrcnce how' many impulses enter the nervous 
tem, the only way tlie^’ can produce a response is through the final 
nmon path 

Uemck and Coghill (1915) have given very interesting suggestions 
iceming the phytogeny of the final common path and have pointed 
t that in the course of development there has been a marked and 
igressive dev'clopmcnt m the motor activity possible They corn- 
re the central nerv'ous system to a funnel in which the sensory im- 
ses are poured in at the top and the response through the final com- 
>n path forms the outlet In amphibia, for example, large numbers 
types of sensory responses enter the nervous system but the final 



228 


ORTHELLO R LANGWORTHY 


common path is little differentiated, the one response of a tadpole to 
nocuous stimulation consists m swimming In higher forms the 
sensory stimuh entering the nervous system are perhaps no more 
numerous or diversified but the possible motor responses have increased 
enormously m number 

The final co mm on path consists obviously both of somatic motor and 
autonomic cells Several years ago it was suggested that the tonus of 
striated musculature was mediated through the autonomic nervous 
syst em Many further studies have shown that this is not true indeed 
it is doubtful whether autonomic fibers end upon striated muscle fi- 
bers (Hines and Tower, 1928) It, therefore, is clear that the somatic 
motor neurones control both the tone and contraction of the stnated 
musculature of the body 

It is possible to group in a rough way the types of impulses that act 
upon one anterior horn cell in the cord that may be taken to typify 
the final common path In the first place it receives influences from 
sensory fibers entenng the same segment of the cord m which it lies 
It also receives impulses from other segments of the cord The path- 
ways from the brain are reticulo-spinal, vestibulo-spmal, medial 
longitudinal fasciculus, rubro-spinal, tecto-spmal and cortico-spinal 
There may be others but recent work has suggested that even the 
autonomic component of the final common path is correlated and 
controlled by impulses through these same well known pathways 
(Langworthy and Richter, 1930) Perhaps a few suggestions concern- 
ing the morphology of these pathways may be given in this place 

1 Rehcnlo-spinal tract Throughout the reticular formation of 
the brain stem from the lower end of the medulla to the upper end of 
the midbrain are scattered motor cells These cells give rise to a 
diffuse pathway which travels down into the spinal cord. The path- 
way IS old phylogenetically and probably was the first pathway from 
the brain to influence the anterior horn cells It is still probably 
tremendously important from the standpoint of tone for it is very 
likely that many of the efferent impulses from the corpus striatum 
and cerebellum are relayed along this route The fibers are both 
crossed and uncrossed 

2 Vestibulospinal tract The vestibulo-spinal is also an old path- 
way from the standpoint of phylogeny and an extremely prominent 



CONTROL or TONUS AFTER IN:rURIES TO BRAIN 


229 


one in controlling the pattern of tonus in connection ivith vestibular 
influences It arises from the cells of a distinct portion of tlie vestib- 
ular nucleus called Dcitcr’s nucleus Around these cells end the 
pnmarj' vestibular neurones The cells, however, do not have the 
structure of other sensorj' neurones of the second order but resemble 
motor cells The vestibulo spinal pathwaj is an uncrossed one Ves- 
tibular fibers also cross in the midline and run caudally in the medial 
longitudinal fasciculus 

3 Medial longitudinal fasciculus The medial longitudinal fas- 
ciculus IS a complex pathway consisting of many groups of fibers 
(Lnngworthj, 1929) It has been mentioned that fibers from cells 
in the vestibular nucleus cross in the midline and travel caudal to 
influence the cells of the final common path Vestibular fibers also 
run in a cephalic direction and place the cells of the evtraocular nudei 
under vestibular influence It also contains fibers that correlate the 
activity of all the cranial nuclei in the brain stem 

4 Rubra spinal tract The rubro spinal tract anses from the large 
cells at the caudal end of the red nucleus It is said to be relatively 
small in man The fibers cross the midline The red nucleus re- 
ceives fibers from the opposite hemisphere of the cerebellum and 
from the globus pallidus, the place of origin of the efferent pathway 
from tlie corpus stnatura Its part in the control of tonic patterns is 
great but never has been adequately defined 

The red nucleus in lower mammals consists in the main of the 
group of large motor cells giving rise to the rubro-spinal tract In 
higher forms a group of small cells have developed cephalic to the 
large cells These cells give rise to axones winch end around the cells 
of the reticular formation It has been suggested that the large- 
celled portion received impulses from nuclei globosus and emboliformis 
of the cerebellum, the small celled portion from the dentate nucleus 
In man the small celled portion is very large and the large-celled 
portion at least relatively diminished in size Since the small cells 
give rise to fibers ending around the motor cells of the reticular for- 
mation, their influence upon the cells of the final common path utilizes 
an indirect pathway, the morphology of which is not clearly 
understood 

5 Tectospinal tract The tecto spinal tract anses from large cells 
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in the deeper cell layers of the optic colliculi The fibers cross in the 
midline and run caudally just ventral to the medial longitudinal 
fasciculi and lateral to the raphe, to influence the cells of the final 
common path These cells must influence the pattern of tonus in 
relation to stimuli from the visual apparatus 

6 Corticospinal tract The cortico-spinal or pyramidal tract is 
of great importance in man The giant motor cells or Betz cells of 
the anterior central gyrus give nse to the fibers This pathway is, in 
general, the agency for the production of volitional quick oscillating 
movements of the extremities 

7 Fronto-pontine and temporo-pontine tracts It is beheved that 
the fronto-pontine pathway arises from cells just anterior to the dorsal 
portion of the antenor central area The exact region from which the 
temporo-pontine pathway anses is not yet clearly understood These 
pathways end around cells m the pontine nuclei and exert their influ- 
ence through the cerebellar heimspheres The fronto-pontine and 
temporo-pontine fibers probably exert a normal inhibitory effect over 
muscle tonus and inhibit the tonus of the opposing muscles when the 
cortico-spinal pathway initiates precise quick movements The phys- 
iology of these pathways from the cerebral cortex will be discussed 
in detail in a later portion of this paper 

the control or tonus by an individual segment of the cord 

With this hypothesis of the final common path and the impulses 
which play upon it clearly in mind the question of tonus must be con- 
sidered in terms of reflex arcs involving different portions of the nerv- 
ous system The attention however may always be focused on the 
antenor horn cells since they represent the final portion of each of the 
reflex arcs 

Naturally there is little information concerning the physiology of 
the individual spinal segment in man and the data here are experi- 
mental Sherrington showed that the tonus of the stnated muscula- 
ture was primarily dependent upon sensory impulses from the muscles 
themselves The proprioceptive fiber from the muscle enters the 
cord through the postenor root and immediately establishes reflex 
connections with the antenor horn cell The adequate stimulus for 
the sensory endings m the muscle consists of stretching, in other 
words, tonus is fundamentally a stretch reflex 
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Serson impulses from the cutaneous surface of the segment ha\ e 
\cn little influence upon the tonic reflex It ivas shown however bj 
Shernngton (1906) that stimulation of nerve trunks, such as the 
saatic, produced cither augmentation or inlubition of the tonus 
Dennv -Brown (1929) has suggested that tlie two t3-pes of sensorj' 
endings in the musculature, the tendinous endings and neuromuscular 
spmdlcs, influence tonus in different wa.vs Wien the muscle is 
vtretched, the neuro-tcndinous endings arc first stimulated and send 
unpulses into the segment that increase the tonus If the strctdi is 
continued the neuromuscular spindles that require a higher threshold 
stimulus influence the activatj of the cord in the direction of inhibition 
If this is true it is an important explanation of certain of the qualities 
of tonus in the hemiplegic which will be discussed later 
\\ alshe (1929) has been able to show that the hvpcrtonus present in 
the musculature of man under pathological conditions is also dependent 
on influences from the propnocept iv c endings in the muscle If the 
proper amount of one per cent novocaine is injected into a hj^icrtonic 
muscle the sensorj' none endings maj be paraljzcd and the motor 
endings uiiafrccted Under these conditions the increased tonus of 
the muscle IS lost but voluntarj power retained 
It tonus IS tliought of as controlled bj an isolated segment of tlio 
cord, the tonus is a propertj of both the flexor and extensor muscles 
ith certain exceptions that maj be disregarded, tone is not a pattern 
at this level but a propertj of all striated musculature dependent on 
afferent impulses from the musdes themselves acting on the anterior 
horn cells whose axones influence the musdes I\flicn several seg- 
ments of the cord arc acting together and many impulses arc influenc- 
mg the anterior horn cell, tone becomes correlated into a pattern 

anvoRUAUTres of to'TOS after comflete transection of the 
SPINAL cord of XIAN 

It IS important to consider further the control of tonus by the iso- 
lated spinal cord of man after all influences from the brain are cut off 
The careful war-time observations of Riddoch (1917) make this pos- 
"■Me He studied a number of previously healthy young adults in 
’horn the spinal cord w as completely transected in the upper thoracic 
tegion For the first lew daj s following the injury no superficial or 
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deep reflexes could be ehcited from the portion of the body innervated 
by the isolated cord The skin was dry The bladder became dis- 
tended and the patients had to be cathetenzed 

After a variable period of time, not more than seven days in some 
cases, reflex activity returned The reflexes in favorable cases be- 
came much more active than normal so that a slight cutaneous stimu- 
lation of the footpad produced a marked contraction of the flexors of 
both legs and of the musculature of the ventral body wall The blad- 
der was evacuated at the same time and there was marked sweating 
over the whole area of skin innervated below the lesion Riddoch 
demonstrated that this was a mass reflex, the local reflex arcs lost 
their local sign and a sensory stimulus excited all the antenor horn 
cells to activity It suggested that cerebral control of the antenor 
horn cells, both somatic motor and autonomic, is predominantly an 
inhibitory one 

On more careful examination it is quite evident that not aU the 
somatic musculature innervated by the isolated segment took part in 
the mass reflex The muscles that contracted strongly were always the 
flexor muscles, indeed if any extensor reflexes were present in the legs, 
Riddoch was able to hypothesize that the cord was not completely 
severed 

The response of the musculature m these cases followed a very 
definite pattern After a nocuous stimulus was apphed to the plantar 
surface of one foot, both legs were sharply flexed and the abdominal 
musculature also contracted It has been suggested that this is the 
pattern of a primitive response to painful stimulation, withdrawing 
the legs from danger and protecting the vulnerable abdominal wall 
from injury 

Bahnsh phenomenon Certainly this mass reflex is but an accen- 
tuation of the Babinski phenomenon which is ehcited from the legs 
after injury of the cortico-spmal tracts The Babmski reflex is com- 
monly thought of as a dorso-flexion of the great toe and fanning of the 
other toes on stimulation of the outer plantar surface of the foot 
When well developed, however, it is a general flexor response mvolvmg 
the ankle, knee and thigh Although the locus of the sensory area 
IS on the outer plantar surface of the foot, a response may be obtained 
on pamful stimulation over any portion of the leg or thigh as high as 
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the inguinal region The response obtained m spinal man differs 
from the Babinski only m a degree 

Paraplegia in cxlcimon Tlicre is anotlier clinical picture that must 
be considered ivath a discussion of the control of tonus by the isolated 
spinal cord If a tumor growing outside of the cord begins to press 
upon the spinal cord in the upper thoracic region, the pyramidal tracts, 
ivhich appear to be particular!} vulnerable to this type of injury, carl> 
become functionless This releases a tome pattern controlled m the 
region of the brain stem from its normal inhibitory control and a hy- 
pertonus is present in the extensor musculature of the legs Loss of 
the cortico spinal control also produces a relative paralysis in the 
flexor muscles of the legs The legs are strongly abducted and ex- 
tended The Babinski reflex may be elicited bilaterally and the ab- 
dominal reflexes are absent from the portion of the abdominal wall 
innerx’ated below the injury Clonus may be demonstrated m'.the 
legs This sjTidrome is know n as paraplegia in extension 

Paraplegia tn flexion It the tumor, however, continues to grow and 
press upon the cord until a physiological transection of the whole cord 
IS produced, the pattern of tonus is quite changed until it is similar 
to that found m man after complete transection of the spinal cord 
The hypertonus of the extensor musculature is lost and no reflexes 
involving the extensor muscles can be obtained The tonus is now 
increased in the flexor muscles so that the legs are flexed at hip and 
knee Moreover, painful stimulation produces strong contraction of 
all the flexors innervated below the level of the lesion This is known 
as paraplegia m flexion 

With these data it is possible to discuss the control of tonus by the 
isolated spinal cord In the case of paraplegia m extension the cortico- 
spinal tracts are functionless but other pathways connecting the 
brain and spinal cord arc still normal The loss of the cortico spinal 
control releases tome centers m the brain stem producing a picture of 
partial decerebration which will be discussed at some length under 
the heading of hemiplegia and injuries of the cortico spinal pathways 

The abnormalities in tonus after complete transection of the cord 
and in cases of complete physiological transection due to pressure are 
identical Riddoch observed that in spinal man tonus always re- 
turned, first m the flexor muscles, then m the extensors and was alwax's 
more marked in the flexors 
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The penod of a-reflexia following the cord transection is due to the 
removal of efferent stimuli from the brain to the anterior horn cells 
The cells of the final common path are so dependent on this cerebral 
mnervator that for a time the stimuli reaching the cells from spinal 
reflex arcs are not sufficient to produce reflex activity When the 
local mechanism does become self sufiiaent it overacts to a marked 
degree since inhibition is the predominant cerebral influence upon the 
anterior horn cells 

The antenor horn cells innervating the extensor muscles are more 
under the influence of centres in the brain than are the cells innervating 
the flexor muscles In general it may be said that the flexor muscles 
produce the quick oscillatory movements, the extensor muscles con- 
tract the force of gravity The quick movements may be controlled 
by the spinal cord whereas that pattern of tone which has to do with 
the antigravity reflex is predominantly controlled by centres in the 
brain stem Since the tonus of the flexor muscles is less under the 
control of centres m the brain it recovers more quickly and completely 
m the isolated cord. 

Further references to experimental work will make this thesis 
clearer The author has pre\nously suggested (1928) that the act of 
walking may be thought of as composed of two factors A tonic 
contraction of the extensor muscular counteracts the force of gravity 
and supports the body from the ground, while alternating rhythmic 
flexor and extensor movements of the extremities produce a change 
of position and are responsible for locomotion Stepping is a funda- 
mental activity of the nervous system, — rhythmic in nature and de- 
pendent on two peripheral, antagonistic forces, one tending toward 
flexion, the other toward extension Now one force, now the other 
becomes dominant, the antagonistic action being successively in a 
state of inhibition This tendency to rhythmic activity is, as shown 
by the experiments of Sherrington, a property of the isolated spinal 
cord The proprioceptive fibers from the muscles carry the afferent 
impulses responsible for reflex stepping Graham Brown (1912) 
demonstrated that even the integrity of the proprioceptive pathway 
was not necessary. The rhytlimic tendency may be maintained on 
the motor side of the reflex arc and under certain conditions, such as 
asphyxia, these motor centres may be influenced to rhytlimic activity 
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bj substances contained in the blood stream after the manner of the 
respiratory center 

The antigravitj refle\ on thtf other hand, is controlled by centres 
m the brain stem rather than the spinal cord In man the evtensor 
muscles of the legs, trunk and neck preserve the body in the erect 
position It has alrcadj’ been obsened that after transection of the 
cord m the tlioracic region that tonus is most marked in the flexor 
muscles and tlie reflexes that may be elicited are flexor reflexes 

There is more of the ability to stand perhaps in the case of laboratory 
mammals wtli the thoracic cord transected than in man After a 
cat has rccoxercd from the shock and the posterior portion of the body 
IS reflexly actixe it is able to support Us eight on the legs for several 
seconds if the lund kgs arc abducted i\idel) and placed as props 
There is no ability , however, for the tonus to accomodate itself to new 
positions and the lund-lcgs soon give wav, even if the cat stands 
quietly 

It may bo mentioned that roerster, m Germany, has observed some 
extensor responses in human patients after complete transection of the 
spmal cord, verified at operation Thus a crossed extensor reflex 
could be demonstrated in the legs The extensor responses do not 
appear until a period of xears following the accident and he behexes 
that the English investigators did not follow their cases long enough 
to obserx e them 

In summary, quick, oscillatory' flexor and extensor movements are a 
property of local reflex mechanisms m the spinal cord, the patterns of 
tonus regulating the postural reflex and involving the extensor mus- 
culature arc controlled by centres in the brain stem The antenor 
bom cells controlling flexor tonus are less under the control of centres 
m the brain and recover more fulh than the cells controlling extensor 
tonus xvhen the spinal cord is made to function alone 

UEClMNISMS IN THE CORD CONTROLLING PATTERNS OF TONUS 

Thus far only the activity of the lower portion of the cord after a 
transverse lesion m the thoraac region, has been discussed No cases 
of survival after transection of the cord in the upper cervical region in 
man occur This lesion isolates the muscles of respiration from the 
mspiratory centre or injures the phrenic nuclei directly The activity 
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u able to force the strongest steer on its side or back by passive inove- 
mentsof the animal’s head 

Hemiplegia produces in man an accentuation of tone in certain 
muscles of the c’ctremities Uiat maj well serve as an adequate back- 
ground for demonstration of the neck reflexes Thci occasionally may 
be brought out in these patients but arc seen dearlj in only a small 
number of subjects and the patterns are more complex and less pre- 
dictable than in animals This is partly due to the fact tliat the spas- 
ticitv in the arms is present in the flexor muscles ratlicr tlian in the 
extensors as in four footed animats A dismission of the problem of 
patterns of tonic neck reflexes in man maj be deferred till a later part 
of this paper a\here the a\holc question of hemiplegia is considered 

The afferent impulses from the neck musculature must be convej cd 
bi pathwajs to tlic somatic motor cells of the entire cord The effect 
of these stimuli is to increase the tonus in certain groups of muscles 
and deacasc the tonus in others These impulses act upon a seg- 
ttiental reflex alreadj described xxhich is primarily responsible for 
muscle tone but by augmenting or decreasing the activity of this 
prunarj reflex are able to produce correlated tonic patterns It 
ocrtaml) 15 not possible to say that tone in general is increased or de- 
ceased by the activity of these influences 

®CIL\N1SMS IN THE DRAIN STESI CONTROLLING PATTERNS OF TONE 
1 The tcsilbidar apparatus 

It IS generally agreed at the present time by all investigators that the 
fundamental mechanisms for the production of tonic patterns he in 
the mid brain and meduUa The anatomy and physiology of these 
Wits are far from clearly understood Certain statements concerning 
|he comparative dex’elopmcnt of the brain stem offer an explanation 
w the development of control of tonus in tins region 

vestibular nerve and its connections in the brain stem appeared 
^d> phylogcnetically, and assumed a dominating control over a 
onner segmental organism In the case of the lowest vertebrates 
>s very httle development of a brain and the segments of the 
“fd are coordinated largely by intersegmental neurones The evo- 
‘“f'W of the vestibular nerve in higher forms introduced a new non- 
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segmental mechanism for the coordination of tonic activity With 
further differentiation of orgamsms a further cephalization of nervous 
function has continually taken place and the control of patterns of 
tonus has shifted from the region of the spinal cord and into the brain 
stem, particularly into the region dormnated by the vestibular nerve 

Smce it is now generally beheved that embryological development 
closely follows phylogenetic, the early differentiation of the vestibular 
mechanism in the human embryo assumes importance In the early 
human embryo, rapid growth of the nervous system first occurs in the 
region of the brain stem and this structure at one time has great rela- 
tive size At first it is a simple tube, but eminences soon appear upon 
the surface due to rapid cell prohferation in localized areas The first 
areas undergoing this rapid growth are vestibular and the vestibular 
nudei may be identified in all embryos over two sormtes In a similar 
manner the vestibulo-spmal tract and the medial longitudinal fasci- 
culus are the first long pathway's connecting the brain and the cord 
that receive their myehn sheaths 

The importance of the vestibular centres m the production of tonic 
patterns was early demonstrated by experimental physiologists If 
the brain stem of the cat, for example, is completely transected at the 
level of the mid-bram an accentuation of tone appears in the extensor 
musculature of the body, the phenomenon is called decerebrate rigid- 
ity If the transverse section be made caudal to the vestibuh nuclei, 
severing their connections with the cord, tonus is completely lost m 
musculature It is clear, then, that transection of the brain stem at 
the level of the mid-bram frees the tome mechanism from normal in- 
hibitory control, that transection caudal to the vestibular nuclei 
abohshes the tome patterns and produces a complete atonia of the 
musculature 

The fundamental influences for the production of tonic patterns at 
the level of the vestibular nuclei are undoubtedly stnnuh from the 
lab3Trmths although it is probable that other mfluences, for example, 
impulses from the cerebellum, reach this region and there is here the 
development of a correlation centre for tonus Magnus has studied 
the tonic labjTinthine reflexes The tonic neck reflexes were abol- 
ished by fixation of the neck of the experimental animal in a rigid 
plaster cast The preparation was then held in various positions in 
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space When the animal was placed m a supine position 
angle of the snout forty-five degrees above the horizontal j 
extensor tonus in the legs was maximal The position of mi 
tensor tonus uas the prone position ivith the snout at an 
forty-five degrees below the horizontal plane Witli lateral 
of the body between pronation and supination and with var 
the angle of the snout xvith the horizontal, the extensor t 
intermediate, being greater or less according to the position 
mating the maximum or minimal extensor tonus There 
to believe that these reflexes depend on the otolithic appara 
utricle, since in the maiamum position for these reflexes, th 
exert a maximal pull on the otolithic membrane, whereas in 
mal position they press upon the maculae 

These tonic vestibular reflexes are difficult to demonstrat 
isolated from other factors ptoduang tonic patterns They 1 
demonstrated in very joung children and in patients with hi 
Undoubtedly tonic reflexes from the labyrinths are importai 
ducing the tome patterns in man The exact pattern, howei 
in different mammals 

Two patliways from the vestibular nuclei carry impulses to 
cord as has already been explained The large cells of the ^ 
Belter's nucleus give rise to an uncrossed vestibule spinal p 
axones from cells in the descending nucleus cross m the mic 
run caudal in the medial longitudinal fasciculus It has 
gested that the uncrossed pathway is excitatory, the crossed ii 

The previous discussion has suggested that the vestibu 
relay impulses to the spinal cord controlhng tonus m relatii 
tibular and other influences that reach these cells This tom 
regulates a unified pattern which can be vaned by changing 
tion of the head The question then arises as to whether 
pulses may be said to increase or to decrease the tonus of tlie 
tuie as a whole Although this possibility scarcely fits in 
idea of shifting patterns of tonus it certainly seems to be 
In the experimental animal, as previously described, transect 
neutams at the level of the mid-brain produces a great increas 
of the extensor musculature of the body The explanatic 
the apparatus controlling tonus is, m this way, freed froi 
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inhibitory control The same result is obtained on any section caudal 
to the mid-brain to the upper end of the vestibular nudei If the 
vestibular nudei are induded in the section and severed in this way 
from their connections with the spinal cord, all tone in the musculature 
is lost There is evidence, therefore, that the influences from the 
vestibular nuclei in the normal animal reinforce tonus as controlled 
by the segmental stretch reflex This becomes important in consid- 
enng the rehef of patholo^cal hypertonus 

2 The imd-hratn and the red nucleus 

Structures m the mid-brain also have an influence upon patterns 
of tonus but their exact function has never been clearly understood 
Since the red nudeus is the most conspicuous group of cells in this 
region, to it have been ascribed vanous functions in connection with 
the postural reflex Opinions are very conflictmg and only certain 
views may be introduced here that will help in the interpretation of 
the pathological syndromes that will be discussed later 

Rademaker (1923) believed that removal of the fore-brain, cephalic 
to the red nudeus and leaving this structure mtact, left the tonus of 
the musculature and the patterns of tonus entirely normal Removal 
of the red nucleus, on the other hand, produced a great increase in 
tonus in the extensor musculature and the picture of decerebrate 
rigidity He thought that, in the common laboratory mammal, tone 
was regulated in the final analysis, not by the fore-brain but by the 
red nucleus The cerebellum accordmg to this observer had no influ- 
ence upon tonus since no abnormalities followed its removal 

The manner in which Rademaker considered that the red nucleus 
controlled tonus is important He felt that sensory impulses from 
the body musculature, labynnths and neck muscles were synthesized 
in the brain-stem to produce patterns of tonus The labyrinthine and 
body influences were operative at the level of the red nucleus These 
reflexes involvmg tonus were called “nghtmg” reflexes since they 
regulated the postures of the animal and tended in every case to bnng 
the animal back mto the optimum physiological posture with the 
body in a prone position and the eyes on a plane horizontal with the 
ground 

The author has never agreed with these c^^-hisions . 
role of the red nucleus or the phenom « « 
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There has never been any evidence m Pnmates, including man, that 
unilateral or bilateral injury of the red nucleus produces a phenomenon 
resembling decerebrate ngidity Moreover transections of the brain- 
stem cephalic to the red nucleus produce abnormalities in tonus similar 
to those of the decerebrate animal This uhole thesis will be elabor- 
ated m Inter portions of this reniev, The righting reflexes represent 
merely the patterns of tonus that are discussed m this paper 
The red nucleus receives influences from the corpus striatum and 
cerebellum In order to understand the part played by the red 
nucleus in the initiation and control of tonus the influence of the cere- 
bellum and corpus striatum must be considered This mil be done in 
sections uhich follow 

3 Opitc coUicuh and optic influences upon tone 

It seems clear that optic impulses finally influence the antenor horn 
cell and produce patterns of tonus regulated by visual stimuli These 
reflexes have been studied by several workers and it was thought that 
they were not important in lower mammals but assumed increasing 
control in Pnmates There is no agreement as to the pathways in- 
volved It would appear probable that this reflex is earned out at a 
low level in the reflex mechanism and involves the optic end stations 
m the rmd-brain This seems the mote probable inasmuch as there is a 
pathway from the optic colliculi to the cells of the final common path, 
the tecto-spinal tract Experiments, however, suggest that the reflex 
requires the integnty of the ocapital lobe of the cerebral cortex 
Following removal of the visual cortex the animal turns the head to the 
affected side and walks in ardcs to that side Later, following the 
operation, a compensation sets in 

With the rapid differentiation of the cerebral cortex m higher forms 
it IS quite dear as will be demonstrated later, that the control of tonus 
has been taken over more and more by centres there The exact 
pathways required for the optic righting reflexes require further study 
Here their great importance in higher mammals may be emphasized 

4 The rdle of the cerebellum in tonic reflexes 

Here again the results of animal experimentation are conflicting 
Magnus and Rademaker assert that after complete removal of the 
cerebellum m man, tonus is quite normal in amount and distribution 
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Fortunately, in this case, we have direct observations foUownng in- 
juries of the cerebellum of man and those alone need be considered 
Holmes (1917 and 1918) dunng the war was able to study and cor- 
relate the abnormalities following injury of the cerebellum in a large 
number of cases He concluded that practicaly all the abnormalities 
of muscle innervation could be explained on the basis of disturbances 
of tone Luciani (1915) had previously summanzed the defects 
following lesions of the cerebellum under three headings, asthenia or a 
weakness and tendency to fatigue, hypotoma and astasia with stag- 
genng gait and intention tremor All these symptoms may be fun- 
damentally reduced to one underlying cause, the hypotonia 
A summary of Holmes’ findings may be discussed at some length 
In the first place there was a definite hypotonia in the muscles which 
was at once apparent to the observer and was illustrated by photo- 
graphs m his paper The hypotoma was marked in the first few days 
and then decreased, but as long as the patient showed any of the 
changes summarized in the following paragraphs, hypotonia could be 
said to be present When the lesion involved one half of the cere- 
bellum the hypotonia was confined to that side of the body If the 
lesion was large enough to produce any symptoms at all the whole 
musculature of that side of the body was involved, not just one limb 
or one or more groups of muscles The hypotonia could be demon- 
strated m a number of different ways If the hypotonia limb was 
passively oscillated, its excursions were limited only by the ligaments 
and joints whereas the excursions of a normally tonic limb are checked 
to a certain extent by the muscle tone In severe cases the affected 
limb was unable to mamtain any attitude without support There 
was a deficient elasticity of the muscles which could be demonstrated 
in the arm in the following manner When a normal arm is suddenly 
j'erked from a position of extension into flexion it tends to spring back 
into its original position owing to the presence of tone m the extensors 
of the arm In the case of the abnormal arm, the forearm either 
remained in a position of flexion or swayed about uncertainly This 
could be demonstrated by another test The patient was instructed 
to resist by voluntary contraction the movement of the arm produced 
by sudden tap The affected arm showed greater excursion and oscil- 
lation than the normal one 
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The deep reflexes were also modified by the hj'potonia A light 
tap, sufficient to evoke a knee jerk in a normal limb, often failed to 
evoke a response Also the knee jerk was pendular, undergoing a 
number of oscillations before it came to rest These after mox ements 
were due to a failure of after-shortening in the quadriceps extensor 
The rebound phenomenon is probablj due to a lack of tone in the 
antagonist muscles If the patient was told to pull tlie hand toward 
his mouth against resistance and the resistance suddenly removed, the 
normal hand was soon arrested by the action of the antagonists The 
affected hand did not stop m this manner and sprang back into the face 
In the absence of normal tone, smooth coordinated movements w ere 
impossible because the element of fusion of small contractions was 
lacking This accounted for the disturbance of muscular contractions 
Fatigability was explained by the fact that in the absence of proper 
fusion of successive small contractions each contraction shortening 
the muscles must start at a lower level tlian that reached by its im- 
mediate predecessors and the power of the w’hole contraction must be 
less than that of a corresponding normal muscle Also undue fatig- 
ability occurred because the patient relied on voluntary contractions 
which fatigued without the assistance of tonus which is indefatigable 
There was often a delay of initiating contractions and relaxing tliem 
The hypotonic muscles had to take up slack whicli delayed contraction 
and relaxation 

There are many demonstrable disorders of movement in cerebellar 
disease tliat may be traced to the disorganization of tone Thus tliere 
are errors in the direction, range and rate of mo\ ements and a loss of 
finer coordination of the movements of the fingers Tremor also 
occurs due to faulty fixation of the cxtremitj These abnormalities 
of movement are well displayed in walking and the characteristic gait 
IS due to a combination of the hypotonia and the efforts of the patient 
to make corrections for it The abnormal attitudes and postures 
probably compensate for loss of tone in the musculature of the ab- 
normal side of the body Speech is grossly abnormal due to poor 
coordination of the musculature controlling phonation and articulation 

These examples imght be increased and the whole subject expanded 
further, but this review does not deal primarily with cerebellar disease 
Enough evidence has been presented to make it quite clear that ab- 
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normalities in tonus underlie most of the abnormal physical signs of 
cerebellar injunes in man Moreover, there is always a loss of tone 
No s^miptoms pointing to increase of tone have been observed in man 
The cerebellum is built up ph 3 dogenetically as a correlation and coor- 
dination structure in dose connection with the vestibular nerve. 
One might expect, therefore, that it would control the finer coordina- 
tion of tone and this seems to be the case Moreover the evidence 
presented here indicates that it normally augments the tonic reflexes 
of the lower reflex centers Tone as controlled by the cerebellum is a 
pattern coordinating the finer activity of all the musdes, partiapating 
in a movement 

There is some evidence restmg on experimental work that certain 
portions of the cerebeUiun give rise to impulses that tend to inhibit 
rather than augment the tonus of striated musculature For example, 
stimulation of the cephalic or caudal portion of the vermis produces an 
immediate and complete loss of extensor tonus m the decerebrate cat 
Moreover many observers attest that injunes or total removal of the 
cerebellum of ammals does not produce a picture similar to that seen 
in man for symptoms of heightened tonus of the musculature are often 
observed The vermis is older phylogenetically and has quite different 
connections from the hemispheres of the cerebellum Efferent path- 
ways from the vermis end around the cells of the vestibular nudei, 
efferent fibers from the hemispheres end around the cells of the red 
nudeus Perhaps it is not too much to say that influences from the 
vermis inhibit tonus through connections with the vestibular nuclei 
while the hemispheres augment tonus through connections with the 
red nudei The cerebellar hemispheres are so closely connected with 
the cerebral cortex that their interrelations in respect to influence 
upon tonus will be discussed in another section. 

5. Cotitrol of tonus by the corpus slnatum 

Pathological processes injuring the corpus striatum and subthalamic 
nuclei closety allied with it, produce marked changes in tone in man, 
for example, m paralysis agitans and the post-encephalitic Parkin- 
sonian syndrome The normal function of the corpus stnatum m 
respect to the pattern of tonus is understood so poorly that it is useless 
to discuss It here Later the abnormal findings in man will be sum- 
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rnanzed Animal eNjicnments have yielded no information con- 
cerning the physiologj of the corpus stnatum inasmuch as injury or 
total removal gives rise to no abnormal behavior 

(5 The mfiuencc of efferent pollnvays from the cerebral cortex upon ionic 

reflexes 

In man the activity of the central nervous system is dominated by 
the cerebral cortex In connection with tlic development of this 
structure one well known cflerent path has arisen, the cortico-spinal 
or pyramidal pathway which carnes impulses directly to the motor 
cells of the final common path This pathway has assumed great 
importance only in some Primates including man Even m lower 
monkeys removal of the cerebral motor cortex produces no permanent 
paralysis 

With the development of Primates the cerebral cortex received a 
great impetus to further growth and differentiation Elhot-Smith 
(1927) believes that the immediate impetus was the development of 
adequate stereoscopic vision The positions of the eyes moved 
antenorlj and the snout decreased in size, permitting an overlap of 
the visual fields This gave for the first time a picture of the world m 
three dimensions At the same time the fore-legs were freed from 
their use as locomotor props and used to search for food and to carry 
it to the mouth and for climbing in the trees With the rapid grow th 
of the cerebral cortex the motor efferent pathway became further 
differentiated Naturally it assumed particular control over the por- 
tions of the musculature that were being developed for skilled move- 
ments at that time It influenced little the trunk musculature and 
the proximal portion of the limbs A relativelj large portion of the 
cerebral motor cortex is concerned with delicate movements of the 
hand The paralysis following total injury of the cortico-spinal tract 
is, therefore, a selective one, involvmg the arm much more than the 
leg and the hand more than the upper atm 

Stimulation of the cortico spinal pathway eliats short, qmck con- 
tractions that are predominantly flexor m type The execution of the 
delicate movements of the hands requires precise adjustments of tone 
m all the muscles around the joints By what mechanism is this tonic 
adjustment made^ 
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Two Other cortico-efferent pathways, the fronto-pontine and tem- 
poro-pontine tracts, anse m the cerebral cortex The fronto-pontine 
tract IS made up of the axones of motor cells, somewhat smaller than 
the Betz cells, which he antenor to the motor area particularly m the 
dorsal portion of the premotor area The position of the cells giving 
nse to the temporo-pontine tract is not yet known These tracts 
end around cells m the pontine nuclei and thus influences from the 
cerebral cortex reach the hemispheres of the cerebellum It seems 
probable that these pathways are concerned in the finer adjustments 
of tone required to carry out the delicate movements initiated by the 
cortico-spinal pathway In other words the cortico-spinal, fronto- 
pontine and temporo-pontine paths are imtiated simultaneously for a 
precise coordination of finger movements 

If this IS true it may seem strange that the functional significance 
of the pontine pathways in man was not clear from earlier studies 
The reason for this is at once apparent In the internal capsule the 
pontme fibers he dose to, and on either side of, the cortico-spinal 
tract Any lesion here, and such a lesion is the most common cause 
of hemiplegia, would injure all these pathways together Thus in 
hemiplegia, as will be demonstrated, there is a selective paralysis and 
h 3 q)ertomcity of the muscles of the body Clearly the only evidence 
of the different functions of these pathways could be obtained by 
mjury to one vnthout injury of the other One possible position for 
such a lesion would be localized m the cerebral cortex involving the 
cells of one of these pathways but not of the others 
Adie and Cntchley (1927) and many others have shown that a 
localized process in the dorsal portion of the frontal lobe, just anterior 
to the electncally responsive motor cortex, gave rise to charactenstic 
abnormalities dassified under three headmgs, — ^tonic perseveration, 
forced graspmg and forced groping In a number of cases small 
tumors are responsible for the changes and the damaged area was ac- 
curately locahzed at operation or post mortem examination 

The person with tonic perseveration finds that if he shakes hands or 
grasps an object with the affected hand he is quite unable to relax his 
grasp normally Forced grasping is another form of this same con- 
dition Sensory stimulation of reflex zones in the palm of the hand 
or on the flexor surface of the fingers will cause the fingers to close 
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upon the stimulating object verj' tightly, nor can tlus vigorous grasp 
be relaxed Forced groping is a more severe degree of this process 
If the normal side of the body is examined the abnormal hand in- 
voluntarily tries to interfere in this procedure Also when the patient 
finally succeeds in letting go of an object, the hand seeks for it and 
if possible picks It up again 

Obviously these are abnormalities in the regulation of tonus, ex- 
tremely complicated in type inasmuch as the lesion affects the higher 
association areas of the brain Animal experiments make these ab- 
normal reactions more understandable King (1927), Langworthy 
(A, 1928) and others have shown that, after removal of the premotor 
area in the cat, abnormalities in tonus of the striated muscles of the 
contralateral extremities are present This suggests a control of the 
patterns of tone at the level of the cerebral cortex This control 
becomes greater m Primates as the cerebral cortex becomes extremely 
differentiated and dominates the functions of the organism As an 
objection to this tlieory concerning the role of the fronto pontine 
pathway in the control of tonus, it may be said that no abnormahties in 
tone follow the extensive resections of the frontal lobe of man per- 
formed by the surgeons at the present day The surgeon gives the 
motor cortex a wide berth and leaves the premotor area, of which we 
are speaking, intact 

Summary of the Control of Tonus by the Caitral Nervous System 

Tone IS fundamentally a stretch reflex, dependent on the proper 
functioning of the segmental apparatus of the cord or brain stem 
Afferent unpulses from the muscles influence the anterior horn cells 
and thus control tonus of the musculature 

All portions of the nervous system control this primarj reflex arc, 
coordinating tone into patterns for balance, movement and locomotion 
of the anunal Afferent impulses from the deep neck musculature and 
from tlie vestibular and optic nerves are of particular importance, 
but as good a case could probably be made for other afferent stimuli 
For example, following a loud sound the eyes and head are turned m 
its direction and the tonus of the whole body oriented in reference to 
the stimulus The complicated ramifications of the sensory side of 
the reflex arcs cannot be followed, but it is possible to suggest the 
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nervous system at -which the reflexes are S3mthesized and the efferent 
pathways to the cells of the final common path Thus the tonic neck 
reflexes are centred in the upper cervical segments of the cord and the 
vestibular at the level of the vestibular nuclei Many afferent im- 
pulses influencing tone reach the red nucleus and the vestibular nuc- 
leus and these seem to be particularly important m regulating tonus 
They not only produce patterns of tonus, the vestibular mechanism 
seems to augment the general tonus of muscles while the red nuclei 
have a control, predominantly mhibitory 

A further, more subtle control of tonus is effected through the sup- 
rasegmental portions of the nervous system Injuries of the cerebel- 
lum in man produce hypotonia on the same side of the body as the 
lesion The corpus striatum in man controls tone in some way that 
is not understood Finally, the importance of the fronto-pontme and 
temporo-pontme pathways has been emphasized, acting through 
cormections with the cerebellar hemispheres Other cerebral efferent 
connections are undoubtedly also used m tonic coordination Thus 
it has been suggested that optic nghting reflexes are coordinated m 
the occipital lobes of the cerebral cortex 

It has been emphasized sufficiently that tome control above the 
segmental level is always of the nature of patterns invol-ving suitable 
adjustments for balance in new positions Only at the level of the 
vestibular and red nuclei is there e-vidence of influences tending to 
augment or inhibit tonus as a whole Succeeding portions of this 
re-view will discuss abnormal patterns of tonus in man released by 
injuries of the nervous system 

TREMOR IN RELATION TO ABNORMALITIES IN TONE 

There is certain justification at this point m discussing tremors in 
man un relation to abnormahties in tone The static and kinetic 
tremors of patients -with cerebellar injuries, the intention tremor of 
multiple sclerosis and the tremor associated -with abnormahties of the 
corpora stnata and other basal gangha may be considered 

Holmes (1917 and 1918) found that the tremors attributable to 
lesions of the cerebellum were always tremors of the unsupported 
parts of the body If a patient is told to bring the forefinger of the 
affected hand within an inch of his nose and maintain it m that posi- 
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tlOB a regular, almost rhythimcal tremor of the whole arm quickly 
develops Normally the arm would be maintained in this position 
by the tome contractions of all the muscle groups The tremor is due 
to absence of this tonus with the result that the new posture is main- 
tained by voluntary contractions which fatigue easily Fatigue 
causes the new posture to be momentarily relaxed, following the re- 
laxation the posture is regained by voluntarj' contractions This 
alternation of relaxation from fatigue and voluntary muscular efforts 
to maintain the posture is the causative factor of the static tremor 
Kinetic tremor is a prominent symptom of cerebellar defect cs- 
peaally when the lesion involves the braclua conjunctiva Tremor 
may occur on any movement, the oscillations taking place in any of 
the planes of space It is pnmanly the result of faulty fixation by 
antagonistic musculature 

The intention tremor of multiple sclerosis is similar to the kinetic 
tremor of cerebellar injury except that tlic osallations in the latter 
condition are said to be less sharply defined It is probable that they 
are due to identical defects since the tremor of multiple sclerosis is 
usually due to the involvement of cerebellar pathways, particularly of 
the superior peduncles and the mid-brain by the pathological process 
The only result of injury to the red nucleus in man that has been ob- 
served IS an intention tremor of the extremities of the opposite side 
of the body 

Walshe (1929) recently analyzed the tremor present following in- 
junes to the corpus striatum and basal ganglia, for example, in paralj- 
sis agitans and the post-encephahtic Parkinsonian syndrome The 
two leading abnormalities in these patients are hjqiertonus and tremor 
The separation between the tremor and rigidity is not an absolute 
one for the cog-wheel phenomenon is undoubtedly to be attributed 
to a tremor which may not be clearly evident 

English dmicians have insisted for a considerable time that the 
tremor in these conditions is dependent upon the integnty of the 
cerebral motor cortex and cortico spinal pathway If a hemiplegia 
supervene in these cases the tremor disappears and never returns in 
the opposite extremities Walshe then questioned whether the 
tremor was a new phenomenon produced by the lesion or whether it 
was evidence of normal activity of the nervous system unmasked by 
the injury Many data favored the latter view 
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The quick movements normally initiated by the cerebral motor 
cortex are not smooth contractions but are always earned out as a 
curve exhibiting waves This may be observed by watching the slow 
flexion of one of the fingers and the irregularity may be recorded 
graphically The rate of these waves is from eight to ten per second 
and they are observable only in slow movements Moreover faradic 
stimulation of the cerebral cortex of animals at a rate of sixty per 
second produces similar waves of contraction in the musculature occur- 
nng at the rate of about ten per second Denny-Brown (1929) found 
that the usual rhythm of clonus on cortical stimulation at rapid rates 
is from two to five per second 

Is there any relationship then between this normal cortical rhythm 
and the tremor present in paralysis agitans? If the tremor is followed 
in these cases and recorded graphically from its first appearance it is 
found to develop upon the basis of the normal waves of voluntary 
contraction and to be a simple accentuation of them 

Walshe suggests that the waves seen in the curves of slow voluntary 
contraction express a slow rate of cortical discharge while the dis- 
appearance of these waves in rapid movement is due to the more 
rapid rate of discharge from the cortex In Parkinsonian rigidity 
without visible tremor this wave fusion occurs less readily and gives 
rise to the cog-wheel phenomenon while with manifest tremor the 
fusion does not occur at aU or only when extensive and rapid muscular 
contractions occur 

In summary, the static and kmetic tremors of cerebellar disease 
and the mtention tremor of multiple sderosis are fundamentally at- 
tributable to abnormahties in tone In hke manner the tremor of 
paralysis agitans represents influences from the cerebral cortex un- 
supported by the normal tome background 

ABNOR21IALITIES IN TONUS DEMONSTRABLE IN A PATIENT WITH 

HEMIPLEGIA 

The next sections of this paper deal with common abnormahties of 
tone following injury of the central nervous system of man The 
syndromes following partial and complete transection of the spinal 
cord have already been considered The author obtained much of the 
material for the physiological analysis of hemiplegia and the Parkin- 
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soman defects from a recent brilliant paper by Walshe (1929), he 
wishes to express his grateful acknowledgment 
Hemiplegia, one of the most common diseases seen in a neurological 
clinic, IS also one of the most profitable conditions to interpret in 
terms of modem expcnmcntal phjsiology All the abnormalities m 
the motor system and reflexes found in hemiplegia may be grouped 
under three headings, paralysis, abnormalities in tone, and release 
from cerebral control of reflexes presided over by the brain-stem and 
cord The last group of abnormal reflexes need not concern us here 
except in so far as it is related to abnormalities in tone 
The paraljsis following lesion of the pyramidal path has already 
been discussed from the standpoint of the development of the cere- 
bral motor cortex Since the impulses from this region do not exert 
an equal influence over the musculature the paralysis is a selective 
one The faaal muscles are the most severelj paralyzed of any of 
the musculature innervated by the cramal nerves Since the cells 
suppljnng the upper portion of the face receive bilateral pyramidal 
impulses, the upper portion of the face is spared The extraocular 
muscles, muscles of mastication, muscles of the pharynx and laiy nx 
may show a weakness but no endunng paralysis after injury of one 
pyramidal tract The injury is more severe m the case of hypoglossal 
innervation and the tongue usually deviates markedly toward the 
paralyzed side 

The paraljsis is more marked in the upper extremity than in the 
lower and in both extremities is more severe in the distal than in the 
proximal muscle groups In the arm, in order of seventy, the paraly- 
sis affects all skilled and isolated movements of the hand and fingers, 
extension of the wrist and fingers, supination of the forearm, abduction 
and elevation of the upper arm In the leg the weakest movements 
ate dorsiflexion of the foot and toes and flexion at the proximal joints 

The amount of hypertonus docs not necessarily correspond to the 
degree of spasticity Cases of severe hypertonus are seen mth a 
great deal of power of movement remaining, and the opposite often 
occurs Under the heading of hypertonus, hyperactive tendon re- 
flexes, clonus, and associative movements or abnormal patterns of 
tonus, may be considered 

The hypertonus, hke the loss of voluntary movement, is not present 
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equally in all the musculature of the body hut is selective In gen- 
eral, it may be said that the increased tonus is present in the flexor 
muscles of the arms and the extensor muscles of the leg In the arm 
it IS maximal in the flexors of wnst and fingers, the flexors and pro- 
nators of the forearm and the abductors of the upper arm In the 
leg it IS greatest m the plantar flexors of foot and toes, in the knee 
extensors and in the thigh abductors 

The quahty of the spasticity may be learned by an attempt pas- 
sively to flex the knee The imtial five or ten degrees of flexion can 
often be carried out quite without resistance The muscle then de- 
velops tension and opposes the movement through another thirty 
degrees when this resistance melts away and the remainder of the 
movement is carried out quite easily This is known as the “clasp 
knife” phenomenon 

The deep tendon reflexes are markedly accentuated in cases of 
hemiplegia The knee j erk may be taken as an example The quadri- 
ceps contracts strongly and there occurs a slow relaxation so that the 
graphic record shows a marked hump which is charactenstic 

Clonus may sometimes be eliated from the hypertonic muscles 
It IS most commonly obtained from the gastrocnemius-soleus muscles 
as an ankle clonus and occasionally from the quadriceps as patellar 
clonus It IS rarely obtained from the musculature of the arm and 
when it is, may be produced by sudden stretch of the flexor muscles, 
particularly the wrist flexors Clonus consists of alternate impulses 
of contraction and inhibition in the muscle It may be stopped at 
once by relieving the stretch upon the muscle 

The associated reactions seen in hemiplegia are accentuations of 
patterns of tone controlled by centres in the brain-stem and cord 
They are remarkably difiicult to ehcit in most cases but when present 
are of much physiological interest They are usually demonstrated 
in the arm Dunng a yawn the hemiplegic arm slowly rises m front 
of the chest, the wrist extends and the fingers fan This posture is 
mamtamed as long as the yawning lasts Voluntary movements on 
the normal side are often associated with changes on the hemiplegic 
side If the patient looks straight ahead and clenches the normal fist, 
the spastic arm which has been held adducted and slightly flexed at 
the elbow, wrist and fingers becomes further flexed If the patient’s 
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head is first rotated toward the hemiplegic side, the spastic arm be- 
comes extended and abducted If the patient’s head is rotated 
toward the sound side and he then makes a list the spastic arm becomes 
increasingly adducted and flexed 

Acute rotation of the head against resistance toward the hemiplegic 
side sometimes produces extension and abduction of the affected arm, 
while rotation to the healthy side is followed by increased flexion and 
adduction Similar changes m the position of the body may be pro- 
duced by stimulation of the -vestibular mechanism Thus the hyper- 
tonus of hemiplegia is influenced by stimuli arising in the labyrinths, 
deep neck muscles and the arm muscles of the normal side 

These abnormalities of tonus present in the hemiplegic patient 
may then be analyzed in the light of our knowledge of the physiology 
of tone and its control by the nervous system The hypertonus of the 
musculature is abolished by postenor root section or by intramuscular 
injection of novacaine in such strengths as paralyse conduction in 
the sensory nerves of the muscle and leave the motor pathway normal 
It IS dependent, therefore, on sensory unpulscs from the muscles 
themselves, and is a stretch reflex similar to that which has been dis- 
cussed in connection with the segmental tonus mechanism of the 
cord Moreover the hypertonus has many remarkable resemblances 
to that seen in the decerebrate animal 
The normal stimulus for the hypertonus is stretch of the muscle just 
as it IS the stimulus for tonus in a normal muscle The relative non- 
fatigabihty of the response depends on the asynchronous nature of 
the stimulus and upon the fact that the affected muscle fibers are the 
relatively slow contracting, fatigue resisting, red muscle fibers If a 
muscle already engaged in a slight tonic contraction in response to a 
stretch be passively lengthened, its initial response is the development 
of increased tension, but as the lengthening is continued this response 
IS inhibited, the tonic contraction ceases and the observer who has 
been manipulating the limb feels the resistance of the muscle melt and 
disappear This explains the clasp knife rigidity of hypertonic musde 
If the two ends of the muscle are passively appro-nmated and the 
musde takes up a new and shorter length, it is again found to resume 
tonic contraction and to preserve the new posture passively imposed 
upon it This IS also a manifestation of the stretch reflex For when 
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the limb is released its weight tends shghtly to stretch the shortened 
muscle and the stretch receptors are once more stimulated, 

Walshe feels that the hypertonus found m hemiplegia is very similar 
to that present in the decerebrate animal The distribution of tonus, 
however, is markedly different In the animal the hypertonus is 
found in the extensor musculature or m the antigravity muscles In 
the hemiplegic the increased tone mvolves the extensor musculature 
of the legs but the flexor muscles of the arms The problem, therefore, 
is to explain the h)^ertonus of the flexor muscles of the arm m heim-'' 
plegia Walshe points out that the arm m man is no longer used as a 
locomotor prop but hangs freely at the side In this position it is the 
flexor muscles that are most stimulated by gravity and he beheves 
that the tonic mechamsm in the aim of man has been reset m the flexor 
rather than in the extensor muscles 

In confirmation he cites the study by Richter and Bartemeier (1926) 
of the decerebrate sloth This animal hangs constantly by all four 
legs from the limbs of trees In this position the flexor muscles are 
the antigravity muscles After decerebration the hypertonus is 
present in the flexor musculature 

Since the removal of the cerebral motor cortex, even m the higher 
apes, produces no picture similar to hemiplegia or decerebrate rigidity 
in animals, it must be assumed that the cortico-efferent pathways in 
man have assumed a greater control not only over the contraction of 
muscles but also over the tone of muscles than in animals This in- 
deed seems to be the case Even in laboratory mammals, however, 
mjurj’^ of the fronto-pontme tract produces abnormalities m tonus m 
the contralateral leg musculature 

The question then arises as to whether hemiplegia is exactly equiv- 
alent to a half decerebration Obviously the lesion does not remove 
the entire fore-brain as in expenmental animals and it seems logical to 
speak of hemiplegia as a partial decerebration, or to say that hemi- 
plegia produces physiological changes m tone similar to those seen 
in the decerebrate animal Decerebrate ngidity was ongmally de- 
fined by Shernngton in terms of a level of the nervous system “De- 
cerebrate ngidity is a condition which ensues on removal of the fore- 
brain by transection of any of the various levels in the mesencephalon 
or in the thalamencephalon in its hinder part” (Sherrington, 1906) 
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Have any cases been reported of true decerebrate rigidity in man? 
In 1920 Wilson described tonic fits associated with marked evtensor 
hypertonus of both the arms and legs He suggested that a physio- 
logical decerebration w as operative in these cases 

Walshe (1923) described a case of what he believed was a complete 
decerebration in man resulting from a supracellar cyst which pressed 
against the mid-brain producing tlie equivalent of an experimental 
transection The abnormalities in this case were preasely those of a 
double hemiplegia But the early pressure in such a case would first 
injure the cortico efferent pathways in the cerebral peduncles and it is 
probable that this case was simply a quadriplegia and not a decere- 
brated man It is probable that no true cases of human decerebration 
have been reported 

THEORETICAL AND PRACTICAL SUGGESTIONS FOR THE TREATMENT OF 
HEMIPLEGIA 

The theoretical data that may be discussed m connection with the 
treatment of hemiplegia have already been developed in earher por- 
tions of this paper and may be considered first 

The type of patient that would be selected for rehabilitation ob- 
viously would be a young individual who might be restored to a useful 
position in the community The aged arteriosderotics are thus ex- 
cluded from consideration 

The most favorable prospects would be those cases in which a great 
deal of voluntary power remains in the muscles but in whom the 
hypertonus is so great that this power is inadequately utilized Many 
cases of paraplegia due to luetic meningo-myehtis of the cord have a 
great deal of residual power in the legs which is overshadowed by the 
hypertonus Even in capsular lesions the ratio between paralysis 
and spasticity is a variable one Finally there are the cases of ar- 
cumscribed cortical injury with abnormalities in tone but little or no 
paralysis 

Foerster (1913) believes that infantile paraplegias offer the best 
opportunity for improvement by therapeutic and operative pro- 
cedures In these cases there is often considerable latent voluntary 
power in the leg musculature, the extent of which cannot be gauged 
before the increased tonus is relieved Unfortunately many of these 
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patients show considerable corpus striatal and basal gangha involve- 
ment These are unfavorable for operative intervention for reasons 
which will become apparent m later portions of this review 

To return to theoretical treatment of uncomplicated henuplegias or 
paraplegias, hypertonus is due primarily to the activity of the seg- 
mental mechanism, inasmuch as cutting the posterior roots abolishes 
the tonus If Denny-Brown’s theory is correct that neuro-tendo- 
nous endings in the muscle give nse to impulses that augment tone 
and the neuromuscular spindles to impulses that would inhibit tone, 
it would be logical to decrease selectively the activity of the neuro- 
tendonous endmgs Unfortunately such a selective injury is at present 
impossible inasmuch as the tendon extends into the very substance 
of the muscle 

A review of the portions of the nervous system having a part in 
reflex tonus has suggested that tonus controlled by the cord as a whole 
or by the brain, consists in every case of patterns However there is 
some evidence to suggest that certain portions of the nervous system 
tend to give rise to stimuh which augment tone as a whole This is 
true of the vestibular nuclei Moreover lesions of the cerebellum of 
man give nse to hypotoma It seems qmte possible that cutting one 
small tract in the brain stem imght reheve the increased tonus en- 
tirely, leaving no abnormal tome pattern This is certainly worthy 
of the experimental test Unfortunately the control of tonus vanes 
so markedly m different animals that it would be difficult to apply the 
experimental results to man 

The more practical aspects of this problem may now be dealt with 
Foerster has for years been interested in this problem and his results 
will form the basis of discussion The reader is referred to a paper pub- 
lished in 1913 and to an address before the American college of Sur- 
geons in 1930 

Since tonus is dependent upon the activity of the segmental reflex 
arc, Foerster proposed and earned out posterior root section in a 
number of cases Obviously the question of the number of posterior 
roots that should be cut is a difficult one One would wish to decrease 
the degree of tonus in the musculature to normal Foerster found that 
in cases which showed an obvious hypotonia following the operation 
tone gradually increased and finally became greater than normal 
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again Moreover in cases where there was some voluntary movement, 
hj'potonia of the extremity would not be desirable 

It IS interesting to speculate concerning the effect upon voluntary 
activity of the legs if the pyramidal tract were still intact but all the 
posterior roots cut Foerster maintains that in such a case the pa- 
tient might learn to walk but as soon as voluntary attention upon the 
legs was relaxed for a second, tone would be lost m the legs and the 
subject would fall A severe case of tabes wnth almost complete in- 
volvement of the lumbar and sacral roots would almost answer the 
description except that m this case the lesion is a gradually develop- 
ing one 

Section of posterior roots for the relief of spasticity is, therefore, 
open to a number of objections The tone may be decreased by the 
operation below the normal and may gradually increase until maked 
hypertonus is again present 

Posterior root section is particularly indicated in cases of paraplegia 
in flexion wath no voluntary control of the musculature Under these 
conditions the increased tonus may be so great that tlie muscles are 
extremely painful, and the pain is accentuated by cramp like contrac- 
tion of the musculature Section of a number of posterior roots in- 
nervating the legs produces a hypotonia reheving the pam entirely 
It also abolishes the annoying involuntary movements of the legs and 
makes it possible for them to be placed in an extended position which is 
much more satisfactory 

When certain x'oluntary power is present in an extremity posterior 
root section is certainly not the operation of choice Here one should 
aim at correcting the deformity and decreasing the tone in the parti- 
cular muscles involved The results of this effort are usually more 
satisfactory in the case of the leg than the arm Foerster is able to 
demonstrate in photographs and movmg-picture films cases showing 
marked improvements 

The foot m hemiplegia is usually ventro flexed and internally rota- 
ted Lengthening the Achilles tendon and further tendon operations, 
If necessary, correct this deformity The leg is greatly adducted 
and this adduction is so marked in cases of paraplegia that it, in itself, 
IS a senous obstacle to locomotion Section of the nerves to the ad- 
ductor musculature of the thigh overcomes this contracture 
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The problem of the hypertomcity m the quadriceps is a more 
difficult one Foerster exposes the nerve to the muscle and cuts a few 
fibers at a time until the knee jerk is reduced to an approximation of 
normal The knee jerk serves as a delicate test of the number of 
nerve fibers to be cut Naturally the operation must be performed 
with local anesthesia 

By means of transplanting tendons and partially or totally deaffer- 
entmg muscles good results may be obtained in the lower extremities 
when considerable voluntary power remains Similar methods may 
be applied to the arm but there the technical difficulties are greater 
Here, extension of the fingers may be obtained but the power of supi- 
nation is difficult to restore 

It may be said that the position of the hjqiertonic extremities in a 
heimplegic with great decrease of voluntary movement is perhaps 
ideal The extended leg makes some degree of locomotion possible 
and the arm is held flexed out of harm’s way An extended and para- 
lyzed arm would be much more of a liability than a flexed one 

Foerster believes that the hypertomcity develops in the muscles that 
are most relaxed, the flexors of the arms and the extensors of the leg 
If Denny-Brown’s hypothesis is again considered increased tone 
would develop m those muscles which are not stretched sufficiently 
to call the inhibitory impulses from the neuromuscular spindles into 
activity Foerster found that the pattern of tone may be influenced 
in these cases by changing the position of the limb, particularly m 
patients in whom the excess toniaty was just developing If the legs 
were kept flexed for a considerable period the spastiaty was present 
m the flexor muscular With our present physiological understanding 
of patterns of tonus we cannot attach too much value to this method 
of treatment It is important, however, that from the first days of 
paralysis the fingers and wrists be held in extension by apparatus in 
order that they be as useful as possible The same apphes to the foot 
In children, especially, a marked shortening of the achilles tendon 
should be avoided 

The operations suggested here require a great deal of time and skill 
They are undoubtedly important m cases that are young and have a 
possibihty of some voluntary function 
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ABNORilALlTlES IN TONUS DEMONSTRABLE IN PATIENTS WITH PARRIN- 

son's disease 

In the dcscnption of cases of paralysis agitans and the post- 
encephalitic Parkinsonian syndrome and in the physiological interpre- 
tation of the abnormalities, Walshe will again be quoted Three 
marked sjTnptoms are found in these patients,— tremor, rigidity and a 
decrease in the range and force of all movements The tremor has 
alreadj been considered 

The decrease in movement in these cases involves all groups of 
stnatcd muscles although to various degrees Walshe points out 
that there is a decrease in the force, rate and range of all voluntary 
movements There is almost an extinction of movements of facial 
expression and of the limb gestures that accompany them and also a 
loss of all associated movements such as sb mging the arms in n alking 
It IS further believed that it is the force required to carry out a 
movement that determines the degree to which the movement is 
decreased Thus small amounts of force arc required to produce the 
normal fleeting expressions of the face and these are dunmished early, 
producing the mask-like face Similarly associated movements re- 
quire htde force The fact tliat faaal expression and associated 
movements are not completely lost is dear from the fact that they 
appear again if the stimulus is great enough Thus a smile may slowly 
spread over the face of the patient, remain an abnormally long time 
and then slowly fade again Under stress of arcumstances the patient 
may lengthen his stnde and swing his arms in a free and rapid action 

Movements are slow in initiation and performance and are often 
brought to a stop before completion In the performance of an alter- 
nating movement such as flexion and extension of the elbow there is a 
progressive decrease in speed and range of the movement until it 
degenerates to the oscillation of the tremor In the case of a subject 
with paralysis agitans, an increasing effort is required to ensure com- 
pletion of a movement 

The hypertonus found in these cases differs in several ways from 
that present in the hemiplegic In Parkinson’s disease the rigidity is 
not a selective one but involves all the musculature of the extremities 
and trunk, although it is more marked in the flexor musdes It also 
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IS present m all the muscles innervated by the cranial nerves It 
remains throughout the full range of movement and there is no de- 
crease when the stretch on the muscle becomes great The clasp- 
kmfe phenomenon, therefore, is not present One does feel the tonus 
vary in a series of waves when the muscles are passively stretched 
This is the cog-wheel phenomenon which is due to the presence of the 
underl3dng tremor No stimuli from the neck muscles or vestibular 
mechamsm cause the tone to change in any manner 

The two types of increased tonus do have features in common In 
Parkinson’s disease, just as in hemiplegia, the h)rpertonus is completely 
abolished m an extremity by cutting the posterior roots More- 
over mjection of one per cent novocame into the muscle in sufficient 
quantity to paralyze the afferent sensory mechanism and to leave the 
motor side of the reflex arc intact, abolishes the tonus The rigidity 
in Parkinson’s disease is, therefore, dependent upon a segmental re- 
flex arc and the afferent stimuli from the muscles mvolved Ab- 
normal stretch of the muscle, on the other hand, does not elicit an 
inhibitory reflex The deep tendon reflexes are active but seldom 
show the hyperactivity of hemiplegia 
The rigidity and decrease of voluntary movement have a close re- 
lationship to each other, indeed the damping down of voluntary 
movement is due to the difficulty of overcormng the rigidity of muscle 
This was shown by Walshe very clearly If the normal individual is 
asked to flex and extend the elbow an indefinite number of tunes the 
movement is continued for a considerable time before fatigue sets in 
and the range, rate and strength of movement remains relatively 
constant In the case with rigidity the task is begun with a great 
deal of effort and the amplitude decreases almost at once so that after 
three or four beats the range has decreased to the extent of the oscilla- 
tions of the tremor Suppose now that novocame is injected into 
the flexors and extensors of the elbow to paralyze the sensory endings 
and abolish the increased tone The movement of flexion and exten- 
sion of the elbow is now as free as m the normal individual Hyper- 
tonus is here the factor that restricts voluntary movement and aboli- 
tion of the rigidity makes free movement again possible This 
explains why motor power is decreased in ratio to the normal force re- 
quired to imtiate it When the stimulus is great enough movements 
break through 



CONTROL OF TONUS ATTER INJURIFS TO BRAIN 


261 


Ihc disturbances in gait are understandable in this same rvay The 
ngid subject cannot adjust his centre of gravity with normal activity 
and his rapid short steps are an effort to preserve his balance 

THEORETICAL AND PRACTICAL CONSIDERATIONS IN THE TREATMENT OP 
THE PARklNSONIAN PATIENT 

It has been found that certain drugs such as stramonium and hyos- 
cin, when given to the patient in relatively large quantities, tend to 
decrease the rigidity of the musculature and, with the decrease in tone, 
voluntary mov ements become more free Drugs have little effect upon 
the tremor Cobb (1922) found that it was sometimes completely 
stopped by scopolamin . 

There is, at the present time, no means of treatment for the tremor 
It IS known that section of the cortico efferent pathways abolishes the 
tremor completely but this is scarcely useful in the way of therapy 
The fundamental abnormality in this condition is uniform hyper- 
tonus of the musculature and were this relieved, movements could be 
carried out quite easily and the patient vould be normal eveept for 
the tremor Perhaps investigations aiming to relieve the increased 
tonus might attempt surgical methods, cutting pathways which ap- 
pear normally to augment generally the tonusof the entire musculature 
Unfortunately animal experimentation is not an entirely satisfactory 
approach to this problem for reasons already discussed However 
studies along this line should be earned farther 

SUMMARY 

Injuries to the central nervous system of man often produce marked 
abnormalities of tone m the stnated musculature of the body The 
specific changes after lesions in certain definite portions such as the 
spinal cord or cerebellum have been discussed Two common ab- 
normalities, showing as prormnent symptoms increased tonus, hemi- 
plegia and Parkinson’s disease were analyzed from the viewpoints of 
recent studies of the physiology of tone and possible treatment is 
suggested 
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THE SYPHILITIC OPTIC ATROPHIES 
With Especial Reference to Primart Optic Atrophy 

JOSEPH EARLP MOORE, M D 

Prom He Dieiston of the Iteduat Chntc, the Johns Hophns Uosptlal, 

Bathmore 

Knowledge concerning the optic neuropathies due to syphilis is in 
a very confused state in the minds of ophthalmologists, neurologists 
and syphilologists alike This confusion involves the chmeal differ- 
entiation of the vanous forms of optic atrophy, the etiology and path- 
ology of pnmary’ atrophy, the results of treatment, and even the 
propnety of treating at all As in many other instances in medicine, 
the practical therapeutist has been m the forefront of the argument 
Through his efforts, something of clanty is beginning to emerge as to 
the ma 3 or problem of treatment results, stimulated by his partial 
successes and his failures, mucli study is being devoted, espeaally in 
Germany, to the equally important questions of etiology and pathol- 
ogy It seems profitable, tlierefore, pnor to a study of our own mate- 
rial of 200 or more cases of optic atrophy, to review the more important 
papers of the recent literature 

classification of the optic NEHROPATHTES and THE importance of 
syphilis as an etiologic factor 

Woods and Dunn (1923) provide a simple ophthalmologic classifi- 
cation of the optic neuropathies as follows (1) primary atrophy, in- 
volving the entire nerve, without visible ophthalmoscopic evidence 
of any preceding inflammatory process, (2) secondary atrophy, in- 
cluding all cases ivith visible ophthalmoscopic evidence of preceding 
inflammation, i e , obscuration of the physiologic cup, blumng of the 
lamina cnbrosa, or deposition of connective tissue in the cup or on 
the nerve head, (3) retrobulbar neuritis, showing clinically diminished 
central vision with a normal fundus and nerve head on ophthalmo- 
scopic examination, and having normal field outlines for form, or 
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concentric contraction with the presence of central scotomas for either 
form or color, (4) atrophy especially locahzed in the papillo-macular 
bundle, with the chnical picture of pallor of the temporal section of 
the nerve, dimimshed central vision and normal field outlines for form 
but central scotomas for either form or color (this form of atrophy 
may often be regarded as the end result of retrobulbar neuritis) , and 
(5) papillo-edema, including such entities as optic neuritis or neuro- 
retmitis clearly on an inflammatory basis, or choked disc due to in- 
creased intracranial pressure Though this classification seems an 
easily workable one, it may be extremely difficult, even with the most 
careful ophthalmologic examination, to differentiate between the first 
four of these five groups 

Each of these optic neuropathies may be caused by a vanety of 
etiologic factors, of which syphilis, though numencaUy the most im- 
portant, is only one In order to determine the cause, a painstaking 
general study of the patient must include, in addition to a detailed 
ophthalmologic survey, a complete physical and neurologic examma- 
tion, speaal laryngologic study, antero-postenor and lateral stereo- 
scopic roentgenograms of the head, blood Wassermann test, and 
examination of the cerebro-spmal flmd In a senes of 86 patients thus 
studied, gathered from the matenal of a large out-patient department 
of ophthalmology, Woods and Dunn found syphilis to be responsible 
for each of the types of optic neuropathy descnbed, m the propor- 
tions shown in table 1, and to be the cause of the disturbance in 
40 per cent of the patients studied Twenty-five of the thirty-five 
instances of primary optic atrophy, or 71 per cent, were due to sj^hihs 
Woods and Dunn illustrate the improvement in modern methods of 
diagnosis of syphihs by quoting an older similar study by Derby (1902), 
who found only 7 3 per cent of 108 cases of optic atrophy to be due to 
syphihs, while 67 per cent were of undetermined origm 

In a more recent report. Woods and Rowland (1931) have again 
reviewed the question of the etiology of the optic neuropathies This 
second paper is based on a study of 137 patients hospitalized and stud- 
ied in the wards of the Wilmer Ophthalmological Institute, and con- 
trasts with the report of Woods and Dunn, which utilized a matenal 
of ambulatory patients The mcidence of syphihs as an etiologic fac- 
tor IS much lower in the second than in the first senes, i e , 16 7 as 
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compared mtli 40 per cent Increased intracranial pressure, due to 
brain tumor, pseudo-tumor, or intracranial aneurysm, however, in- 
creased m incidence from 11 6 to 34 3 per cent Ihe difference in 
percentage in these two groups is more apparent than real, and cer- 
tainly depends on the fact that patients suspected of brain tumor arc 
more senously ill, and therefore better studied in the hospital than in 
the out-patient clinic Even under these conditions, 20 of 48 patients 
with primary optic atrophy, or 41 per cent, were found to be suffenng 
from central nenmus system sj-phihs 

The madcnce of syphilis in the causation of the vanous forms of 
optic atrophy may be roughly approximated by averaging tlie re- 
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The ctioh^tc dasufication of optic neuropathies (Woods and Dunn) 



TOTAt 

CES 

•ntAi. 

KE*V 

om 

SYSTEM 

s\Tmu» 

StNL 

sms 

1 nSAtN 

1 TCU0» 

i 

i 

Mill- 1 

Tirtr 

ECIE 

JOSIS 

TOEIC 

AM8U 

oriA 



Primary atrophies 

35 

: 25 

0 

m 

B 

4 

B 

5 

PapUlomacular atrophies 

24 

4 

5 

I 

B 

5 

1 1 

3 

Secondary atrophies 

13 

2 

2 

4 

■1 

0 

1 I 

4 

Optic neuntts 

3 

3 

0 

0 

0 1 

1 

j 1 

0 

Choked dist 

4 

0 


4 

0 

0 

! 0 

0 

■Retrobulbar ncuntis 

5 

1 


1 

0 

0 

0 

0 

Totals 

B 

B 

D 

B 

S 

B 

3 

12 

Per cent 

40 

12 7 

n 0 

5 8 

II ej 

3 5 

13 8 


suits of Woods and Dunn and of Woods and Rowland, as shown in 
table 2 It is at once apparent that primaiy atrophy is by far the 
most frequent type of optic neuropathy due to sj-pluhs, and further 
that neurosyphihs is a more frequent cause of pnmaiy atrophy than 
all other ctiologic factors combined 
A much less detailed but nevertheless important study showing the 
incidence of syphilis as a cause of optic atrophy is that of Hannan 
1922) ^ong about 4000 cases of blindness from all causes, he 
found in 65 bhnd infan^ 7 instances of optic atroph>, none of which 

1855 instances of blmdness among children of school age, and Harman 
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says that no less than 230, or 65 per cent, of these optic atrophies, were 
due to congenital syphilis, most of which were associated with exten- 
sive disseminated choroiditis It is a little difficult, in view of the 
careful studies by Woods and his collaborators, to beheve the accuracy 
of Harman's statement that of 270 optic atrophies found in 925 bhnd 
adults, only 26, or 10 per cent, were due to syphilis 
The papers of Woods and his associates certainly represent the most 
careful recent study of the etiologic factors underlying the optic atro- 
phies since the introduction of modern diagnostic measures, and the 
overwhelming importance they ascnbe to syphilis as a cause of the 
lesion emphasizes the necessity for study of the syphihtic atrophies 


TABLE 2 

The eliologic dassificalton of the optic neuropathies {combining the series of Woods and Dunn 

and of Woods and Rowland) 



TOTAI. 
CA5ES 1 

CENTEAI. 
NERVOUS 
SYSTElf j 
SYPHHJS 

AEE OTHkR 

CAUSES 1 

PERCENTAGE 
INCnJEMCE 
O? NEUXO- 
SYFHIUS 

Primary atrophies 

83 

45 

38 

54 2 

Secondary atrophies 

25 

3 

22 

12 0 

Retrobulbar neuntis 

18 

1 

17 

5 5 

PapiUomacular atrophies 

47 

5 

42 

10 6 

Papilledema 

50 

4 

46 

8 0 

Total 

223 

58 

165 

26 0 


Igersheimer (1918) pomts out that s)^hihs may produce atrophy of 
the optic nerve in a variety of ways (1) Atrophy may occur in asso- 
aation with disease of the bulb, espeaally the severe choroido-retinitis 
of congemtal syphilis, or the severe intraocular mflammatory condi- 
tions of acquired syphihs In such cases, it may be very difficult to 
deade whether the atrophic process in the nerve is secondary to, or 
merely simultaneous with, the intraocular condition Jonas Frieden- 
wald and the author have recently seen a tabetic with a severe 
choroido-retinitis and an apparent pigmentary degeneration of the 
retma associated with primary optic atrophy (2) Atrophy may oc- 
cur in gumma or periostitis of the orbit, due to direct pressure upon 
and resultmg nutntional disturbances m the mtraorbital portion of 
the optic nerve (3) Atrophy may occur in patients presenting the 
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neurologic picture of basilar sj-pluhtic meningitis Here the atrophy 
may be sccondarj , as the end result of papillitis, or apparently typi- 
cally pnmary If the latter, Igcrsheimer thinks (and a study of our 
orvTi chmeal material mil subsequently afford confirmatory evidence) 
that it may be a matter of cUraordinary difliculty to distinguish be- 
tween pnmarj' atrophy due to tabes or to basilar memngitis He 
points out that it is not uncommon for optic atrophy to be almost the 
only sign of ncurosiqiliilis, and that positive findings m blood or spinal 
fluid do no more than to establish the diagnosis of neurosyphilis, not 
to differentiate its tjqic He believes that the diagnosis can often 
be made on tlie basis of collateral neurologic signs, or sometimes on 
the results of treatment, since he appears to feel that treatment is 
more hopeful m the atrophy due to basilar meningitis than in that due 
to tabes ' (4) Atrophy may be due to the pressure of sj^hilitic in- 
flammatory products on the cerebral optic conduction apparatus any- 
vherc from the orbit to the corpora geniculata externa Igcrsheimer 
mentions as examples, pressure on the chiasm or the intracranial por- 
tion of the optic nerves by atheromatous vessels, gummas of the hypo- 
ph> sis, or hydrocephalus of the third ventricle If there are athero- 
matous changes in the cerebral vessels on a syphilitic basis, the atrophy 
may be as much due to nutntional disturbances of the nerve as to 
pressure Igcrsheimer cites a single case of Bohr’s, and mentions 
that Wilbrand and Saengcr have seen similar instances, in which optic 
atrophy uas apparently due to the pressure of syphilitic plaques in 
cerebral vessels on the nerve stalk It is difficult to see, hoivever, 
how one could differentiate clinically betueen atheroma of the vessels, 
or Its effect on tlie optic nerves, due to syphilis or to the more frequent 
cerebral arteriosclerosis (5) Finally one finds tlie genuine optic 
atrophy of tabes dorsalis, tabo-paresis and general paresis 

1 It IS not uncommon to meet wiUi the ophthnhnologic criticism that if a giv cn patient 
with optic atrophy improves, the atrophy could not have been primary (VhthoB, m 
discussion of Greef's paper, 1922 ) This reminds one of the prcmalana days of the treat- 
ment of paresis, when, vC a paretic patient recovered under any form of treatment, some 
one could always be found to dispute the diagnosis of paresis Once the idea has become 
fixed in the minds of physicians that a certain disease is incurable, it is almost impossible to 
overcome it unless by such ovemhclming evidence as was provided by insulin, liver or 
malaria Since no such cv idcnce is as yet available for syphilitic pnmary optic atrophy , 
Its supposed refractoriness to treatment is often wrongly included as a entenon of diag- 
nosis On the basis of our own crpericncc, I do not believe it lusUfiable to assume that 
optic atrophy is due to basilar mcnmgiUs il the patient improv es, or to tabes if he does not 
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Since the primary optic atrophy associated with parenchymatous 
neurosyphihs (tabes and paresis) is by far the most frequent of these 
types and is also that about which there is most confusion, particular 
attention will be devoted to it 

THE EREQIJENCy OE PRIMARY OPTIC ATROPHY IN NEUROSYPHILIS 

Igersheimer’s book provides a detailed review of the literature pnor 
to 1918 and gives, on the basis of his own experience and that of others, 
numerous figures as to the frequency of optic atrophy m tabes He 
estimates that from 10 to 15 per cent of all tabetics ultimately de- 
velop pnmary optic atrophy He pomts out that while optic atrophy 
' also occurs in paresis, it is much more frequent when the disease pic- 
ture IS of the tabo-paretic tjqie than when the symptoms are purely 
cerebral Wagner- Jaur egg (1927) goes further than this and thinks 
that optic atrophy in paresis is very rare unless there are associated 
manifestations of tabes In juvenile (congenital) tabes and paresis, 
Igersheimer says that optic atrophy occurs m about 50 per cent of the 
reported cases, though in many of these instances he thinks there may 
have been an associated cerebrospinal (mesoblastic) neurosyphihs as 
well as meta- (parenchymatous) sjqihihs 

The magnitude of the problem of pnmary optic atrophy is easily 
emphasized by the consideration of a few well-known statistics The 
most reliable recent estimate of the incidence of syphilis in the general 
population of this country is that of Usilton (1930), based on actual 
surveys directed by the United States Public Health Service She 
estimates that there are 423,000 new infections mth syphilis each 
year From these figures and the census reports of the numbers of 
the population of different age groups, it seems probable that at least 
10 per cent of the adult population is infected Of untreated or badly 
treated sjqihihtics, approximately 5 per cent develop tabes dorsalis 
(Mattauschek and Pilcz, 1913) Leavmg out of consideration the 
question as to whether more modern treatment methods than those 
discussed by Mattauschek and Pilcz have done anything at aU to 
decrease the incidence of neurosyphihs — and this is a subject which is 
as yet unsettled and on which there is violent debate pro and con — 
there must at any one time be more than half a million sufferers from 
tabes in the United States If 10 to 15 per cent of these may be ex- 
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pccted to develop optic atrophy, about 50,000 cases of this condition 
are constantly present Since heretofore the expectation has been 
that all such patients progress inexorably to complete blindness, the 
economic importance of the question, to say nothing of its urgent and 
vital importance to the individual patient, is obvious 

Incidentally, it is worth noting that, according to John (1929), who 
has studied the admission diagnoses m a large ophthalmologic dime, 
there has been no increase in syphilitic primaiy optic atrophy over the 
20 year period 1905-1925 Whatever modern treatment methods of 
early syphilis may be doing to increase the incidence of other tjpes of 
neurosyphilis, there is tlius no evidence that it has had any effect on 
the incidence of optic atrophy 

It seems to be assumed by many ophthalmologists and neurologists, 
particularly of the older school, that if the patient has primary optic 
atroph>, the neurosyphihtic process must be tabetic m type This 
assumption is no doubt due to the often made clinical observation, 
discussed by Igcrshcimer, that atrophj often appears as the earliest 
manifestations of tabes, in the so called pre-ataxic stage He cites the 
experience of Galezowshi, nho saw 55 cases of optic atrophy in the 
pre-ataxic stage of tabes, and only 8 in nhorn the atrophy developed 
after ataxia had appeared Others, also quoted by Igersheimer, 
have even taken the extreme view that optic atrophy and Uie postenor 
column symptoms of tabes are mutually antagonistic, i e , that the 
development of optic atrophy is more or less of a guarantee against 
the subsequent appearance of incapacitating postenor column symp- 
toms and vice versa However tlus may be, it is certainly true that 
one often secs primary optic atrophy as one of the earliest signs of 
tabes, that in such cases it ma> be many years before the appearance 
of the typical cord symptoms, and that m patients in whom severe 
cord symptoms are an early feature, optic atrophy is relatively unlikely 
to develop If a tabetic with optic atrophy has or subsequently de- 
velops cord symptoms, the latter often progress verj'" slowly, or come 
to an early and spontaneous standstill 
Igersheimer is willing to make the diagnosis of tabes on the basis of 
pupillary changes alone, especially anisocona and the Argyll-Robert- 
son phenomenon, and many other ophthalmologists and neurologists 
are apparently willing to diagnose tabetic optic atrophy m the com- 
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plete absence of cord symptoms, with the idea in mind that such pa- 
tients are in the pre-ataxic stage of tabes and will develop cord symp- 
toms later Others regard such patients as instances of optic atrophy 
due to basilar memngitis On the basis of our own experience, we 
have become convinced that there is a large and important group of 
patients with primary optic atrophy due to neurosyphihs where the 
only neurologic abnormalities present are the atrophy and pupillary 
changes, that these patients cannot he diagnosed either as tabes or 
as basilar sj^hihtic meningitis, on chnical grounds or on the basis of 
laboratory evidence, and that the subsequent course of events does 
not aid in the diagnosis, because no other neurological lesions, and 
particularly no evidence of involvement of the postenor columns, may 
develop during many years of observation This feeling is shared by 
Hawthorne (1922), who also raises the issue as to whether all cases of 
syphilitic pnmary optic atrophy are tabetic He concludes, on chni- 
cal grounds only, that the process m the optic nerves is essentially the 
same whether or not evidence of postenor column involvement is, or 
ever becomes, apparent This important question of the relation- 
ship of optic atrophy to types of neurosyphihtic involvement of the 
nervous system will be discussed subsequently, m connection with the 
pathologic anatomy of the optic neuropathies 

THE OPHTHALMOLOGIC DIAGNOSIS OF PRIMARY OPTIC ATROPHY 

The best discussion of this question is provided by Igersheimer 
(1918) Pnmary optic atrophy due to sjqihilis is practically always 
bilateral, though one eye may be involved weeks, months, or even a 
year or two before the other Unilateral involvement with the main- 
tenance of normal visual acmty, field, and fundus on the other side 
over a penod of years is extremely imusual, and Uhthoff (quoted by 
Igersheimer) saw only one such patient in a senes of 300 tabetic 
atrophies The ophthalmoscopic picture of atrophy is often dis- 
covered before the patient has had any symptoms of visual failure 
The pallor of the disc usually involves the whole disc uniformly, 
though in early cases it may afiect the temporal halves only Second- 
ary atrophy, with evidences of a pre-existing mflammatory process m 
fbt disc, IS extremely rare, and likewise m pnmary atrophy there are 
assoaated intraocular changes of co-existent or pre-existing in- 
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flimmatory lesions It is a cunous fact that among tlie many pa- 
tients i\ho develop mtis, keratitis, choroiditis or clioroido-retinitis, 
or even neuroretinitis as a part of early secondary or relapsing second- 
ary sjTihilis, outspoken pnmary optic atrophy seldom develops sub- 
sequent!) The retinal vessels show only slight alteration, if any, in 
the early stages, and later there is usually only a moderate amount of 
contraction, espeaally of the artencs 
It IS a point of great importance, both in diagnosis and treatment, 
that the ophthalmoscopic picture of pallor of the optic discs does not 
always parallel the degree of visual impairment This fact has im- 
pressed us more tlian once m our own material and has also been dis- 
cussed by others Traquair (1922) points out that it is often difficult 
to decide whether optic atrophy is or is not present, and that the 
diagnosis must sometimes rest on the skill and expcnence of the in- 
dividual observer He illustrates the lack of parallelism between 
pallor of the disc and visual impairment by citing the fact that m 
descending atrophies of the nerve from pressure or from disseminated 
sclerosis, visual loss often far exceeds the degree of pallor, while m 
early tabetic optic atrophy or in retrobulbar neuritis after recovery, 
the reverse may be true Traquair thinks, quite correctly, that care- 
ful studies of the visual fields are indispensable m attempting to esti- 
mate the anatomic and physiologic damage Dworjetz (1928) re- 
ports 9 patients who showed ophthalmoscopically apparent “total 
atrophy” of the discs but in whom visual acuity was absolutely nor- 
mal In practically all these patients, the visual fields for form were 
moderately to markedly concentncally constricted The chnical 
picture from the ophthalmoscopic standpoint was pnmary atrophy in 
five, neuntic atrophy in three, and secondary atrophy after choked 
disc in one The cause of the process is given as tabes in one, cerebro- 
spinal syphilis m two, multiple sclerosis and sinusitis one each, and 
typhoid fever and meth)l alcohol poisoning two eadi Unfortunately, 
there are no data as to whether these patients subsequently developed 
any visual failure 

Dworjetz concludes that while cases with “porcelain white” discs 
without the shghtest red color, but with completely normal vision, are 
rare, they do occur, and that it is not possible always to diagnose 
optic atrophy from the color of the discs, which does not always ex- 
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press the functional state of the nerve, nor is the color necessanly re- 
lated to the number of degenerated nerve fibres present in an atrophic 
nerve 

In this connection, a recent paper by Somberg (1927) is of interest 
This observer was associated with the Manhattan State Hospital 
where he states that he had the opportunity to examine the eyes of 
about 2000 paretic patients before and dunng treatment with tryparsa- 
mide He found 86 patients who had pallor of the optic discs before 
treatment, the color ranging from pale orange to white Seventy- 
three of the 86 had normal visual acmty (data as to visual fields not 
mentioned), while 13 had some loss of vision, but never less than 20/40, 
ivith practically normal fields During a penod of two years’ obser- 
vation, vision was reduced in 46 of these patients In 22 it fell to 
20/200 (or less?) with marked concentnc constriction of the visual 
fields, and this visual failure often occurred suddenly, ivithin a penod 
of 2 to 3 weeks In 24 others, vision diminished to a point between 
20/50 and 20/100, without much alteration of the fields The author 
regards this as evidence of progress in optic atrophy due to sj'philis 
Unfortunately his conclusion is based on imcntical reasoning, since 
he fails to state whether tryparsamide, a drug known to produce 
damage to the optic nerve (Woods and Moore, 1924), was used in 
these 86 cases, or whether smular visual loss, with or without tlie 
appearance of pallor of the discs, occurred in the remainder of tlie 
2000 paretics, some of whom were and some were presumably not, 
treated with trj^Darsamide The sudden occurrence of visual failure 
suggests that it may have been due to tryparsamide rather tlian to 
sj^hihs 

To continue wnth Igersheimer’s description of the clinical aspects of 
primary optic atrophy, he points out that the associated changes in 
the visual fields are of the utmost importance for diagnosis because, in 
all probability, alterations appear in them before any change is appar- 
ent in the color of the discs The first evidence of trouble is usually 
constriction of the fields for white and color, while normal central 
vision IS retained This constriction may be concentric, wholly irregu- 
lar in outline, or it may take out one or another sector of the visual 
field In the latter case the color fields show the same sector defects 
as tlie form fields Frequently the constnction begins from above 
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do^im\ard There may be constriction of the color fields while the 
form fields remain normal Igersheimer says that colors are progres- 
sively lost m the order green, red, blue, and that when green per- 
ception IS entirely lost the whole optic nerve is already involved 
Enlargment of the blind spot is an early symptom Scotomas, central 
or otherwise, are very rare Igersheimer quotes UhthofT as having 
seen them in 2 pet cent of patients with tabetic primarj optic atrophy, 
though always in association witli peripheral field changes Iger- 
sheimer himself and others also have, however, seen scotomas with 
normal penpheral fields m undoubted cases of tabes Hemianopsias, 
binasal or bitemporal, also occur verj rarely, though, as Igersheimer 
points out, these may be only a pseudo hemianopsias due to svmmetn- 
cal defects m the peripheral fields As a matter of fact, the great 
ranty of hemianopsias m tabetic atrophies is, as will be subsequently 
mentioned again, a strong argument in favor of the fact that the 
pnmarj pathologic lesion is in the optic nerve mtenor to the chiasm 
Behr in numerous publications has hid great stress on disturbances 
of dark adaptation as an earl> , perhaps the earliest, diagnostic sign 
of tabetic primary optic atrophy His opinions are strengthened by 
the confirmatory expenence of Schindler (1922) The physiologic 
mechanism involved in dark adaptation, and practical methods for 
testing it, are reviewed in detail in a recent monograph by Adams 
(1930), and need not be described here Mudi of the work on dark 
adaptation in syphilitic pnmary optic atrophy and m neurosyphihs 
generally, must be critically repeated, however, since Igersheimer 
(1928) among others has shown (1) that not all eyes with atrophic 
nerves show any disturbance of dark adaptation, and (2) that there is 
a fairly large group of tabetics with adaptation changes but no other 
evidence of damage to the optic nerve, that these changes apparently 
depend on the presence of disturbances in the pupillary light reaction, 
especially if the pupil is miotic, and that they disappear when the 
pupil IS dilated by mydnatics 

From the clinical standpoint, the elucidation of many of the un- 
solved problems of optic atrophy reqmres a close working liaison be- 
tween syphilologist and ophthalmologist As will be subsequently 
shown, the success or failure of treatment depends very largely on the 
question of early and accurate diagnosis of optic atrophy In this 
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connection it is important to note that while ophthalmologists gener- 
ally feel that visual field changes probably precede visual failure or 
pallor of the disc, nothing is known of the madence of visual field 
defects in neurosjrphilitics without loss of visual acuity and with nor- 
mal discs Certainly no detailed studies have been published since 
the mtroduction of modem instruments of precision for field taking 
Igersheimer has exammed routinely a large number of paretics and 
tabetics, and has found many (proportion not stated) with constric- 
tion of the visual fields Unfortunately, he has been unable to follow 
such patients, and is imable to state whether such field defects alwavs 
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public on opticians and optomctnsts, rather than on ophthalmologists, 
often leads to the unfortunate result that by the time the patient 
reaches competent medical attention, he has already passed through 
a half dozen pairs of hands, has been fitted with glasses or had them 
changed, and vision is seriously injured The course of untreated 
pnmary optic atrophy is progressively downhill, the average duration 
of the process from onset of symptoms to blindness being, according 
to Igcrsheimer, 2 to 3 years, with extremes of 2 to 3 montlis to as long 
as 12 years As with other manifestations of tabes, there may be 
remissions of longer or shorter duration, though in our oivn experience 
this IS unusual The lack of uniformity in progress, and the possibility 
of spontaneous remissions, makes it extremely difficult to evaluate the 
effects of treatment, since in the individual case, one cannot be cer- 
tain that the process would not have been equally as promptly “ar- 
rested,” and remained quiescent for as long a time, as if nothing had 
been done 


THE PATHOLOGY OF OPTIC ATROPHY 

Igcrsheimer (1928) summarizes the important questions to bo an- 
swered by a study of the pathology of pnmary optic atrophy These 
are (1) In what part of the optic tract does the process begin? (2) 
In ivhich portion of the optic nerve arc changes first observed? (3) 
What relationship, if any, have inflammatory processes to the de- 
generation of the fibres of the nerve? (4) Are T pallida actually 
present in the lesion, and if so, what importance have they in its pro- 
duction? 

A clear understanding of the work which has been done on the optic 
atrophies presupposes some knowledge of the general pathology of 
neurosyphihs There are various classifications of neurosyphilis on a 
clinico pathologic basis, one of the simplest of which, as evolved by 
Stokes and Shaffer (1924) and by Moore (1927) from that of Head and 
Feamsides (1914), is as follows 

1 Meningeal 

2 Predominantly meningovascular (cerebrospinal syphilis) 

3 Vascular 

4 Parenchymatous 

a Tabes dorsalis 
b General paresis 

C TnKfxrmrMic 
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It IS obvious, from both clinical and pathologic standpoints, that it 
is often impossible to assign an individual patient with exactness to 
one or another of these groups In almost all patients with clinical 
neurosj^hihs of any type, there is evidence of some degree of memn- 
geal, vascular, and parenchymatous involvement, and the most that 
one can say is that the tj^e of involvement is predominantly menin- 
geal or vascular, or menmgo-vascular, or parenchymatous In a 
general way, however, the classifications mentioned may be briefly 
descnbed and their association with pnmary optic atrophy pointed 
out. 

(1) Memngeal neurosyphihs — acute syphilitic meningitis, neurore- 
currence — ^is usually an early manifestation of the disease, is charac- 
terized by an exudative and inflammatory process in the memnges, 
and involvement of the optic nerve is frequent in the form of optic 
neuntis or neuroretinitis Necropsies on such patients are rare, since 
recovery is the rule Reports are however available, from Pette (1924) 
for example Treponemes have been found with relative ease and in 
considerable numbers in the diseased areas Fuchs (1924) reports 
such a case, a patient who developed a neurorecurrence with bilateral 
neuroretinitis, and subsequently died of acute yellow atrophy of the 
liver after 19 injections of silver arsphenamme At necropsy, there 
were no alternations m the optic nerve heads (probably healed by 
treatment), but m both nerves behind the eye there was a slight round 
cell infiltration and ghal proliferation without memngeal changes 
Treponemes were not searched for It is particularly noteworthy, 
Behr states (1926), that m spite of the frequency of involvement of 
the optic nerves in such cases, this usually subsides (even if untreated) 
ivithout the shghest visual disturbance or atrophy This is contrary 
to current ophthalmologic opinion, which holds that such inflammatory 
changes m the optic nerves usually leave some evidence of atrophy, 
even though slight, in their wake Behr claims to have shown that in 
syphihtic memngitis, degenerative changes m the optic nerves occur 
only when there is infiltration along the connective tissue septa and 
about the vessels within the nerve itself He has seen instances in 
which the memngeal covenng of the whole optic nerve was involved 
m a sj'philitic inflammatory process but m which the mtenor of 
the nerve was penetrated only at one point Degeneration of nerve 
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fibres ^\as present at this point only, and not elsewhere According 
to Behr, this is conclusi\e evidence that degenerative and atrophic 
changes of the ners'e are not due to the influence of meningeal infiltra- 
tion or thickening of tissues about the nerves 
There is also a late vanety of syphilitic meningitis, m whicli the clini- 
cal symptoms are not so acute or fulminating as in the early vanety 
Pathologically, as described by Le Count and Dewey (1915), for ex- 
ample, this consists m a discrete or diffuse gummatous infiltration of 
the meninges, espeaally about the base Clinically, the picture is di- 
verse but IS usually charactenzed by severe headaches, pupillary 
abnormalities, and often cranial nerve palsies Some examples of 
apparent pnmary optic atrophy arc associated with this tj’pe of neu- 
rosyphihs 

(2) The predominantly meningovascular or cerebro-spinal neuro- 
syphilis 15 a catch basket classification from the clinical standpoint, in- 
cluding all patients who fail to fit dearly into one of the other groups 
From the pathologic standpoint the lesions arc diffuse, often multiple, 
and tend to involve more or less purely the mesoblastic elements of 
the nervous system, the meninges and the blood vessels Since the 
discovery of modem staining methods for T palltda, such as that of 
Jahnel (1924), far less attention has been focused on this type of 
neurosyphilis than on general paresis, but treponemes can often be 
found, especially in the perivascular infiltrations It is questionable 
as to w'hat extent pnmary optic atrophy is associated with this group 

(3) In a relatively small group of neurosyphilitics, the involvement 
IS almost exclusively vascular, consisting of endartentis and periarten- 
tis, and IS manifested dimcally by hemiplegias, monoplegias, aphasias 
— cerebral vascular acadents often indistinguishable clinically from 
cerebral hemorrhage or thrombosis from other causes Optic atrophy 
IS an uncommon accompaniment of this type of lesion 

(4) The two great divisions of parenchymatous neurosyphilis, tabes 
and paresis, differ m many important respects from other types of 
neurosyphilis, not the least important of which is their relative re- 
fractonness to treatment Since the demonstration by Nogudii and 
Moore (1913) that treponemes could be found actually in the nerve 
tissues of the brain in paresis, a great deal of additional work has es- 
tablished the fact that not only are they present, but present in large 
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niunbers (Jahnel) They may be found not only m the nerve tissues, 
but also in the memnges and about the blood vessels Their presence 
leads to actual destruction of brain cells, though curiously enough, 
their localization is usually such that the intellectual functions of the 
brain, rather than its motor or sensory functions, are the ones to suffer 
Cranial nerve paralyses are rare As already pomted out, optic 
atrophy is imcommon in paresis unless tabes also exists 

In tabes, however, the situation is quite different The primary 
lesion IS probably not within the central nervous system at all, but in 
the posterior nerve roots There is great debate, and a half dozen 
theories, as to the exact location of the pnmary lesion and the method 
by which it develops (Richter, Spielmeyer, Hassm, and others, sum- 
marized m a recent article by Stern (1929)) The spinal cord lesions 
and theones as to their ongin need not detain us here. However, it is 
necessary to emphasize the point brought out by Stern, that in spite of 
many attempts to demonstrate Treponema pallida m the cord or root 
lesions of tabes, only four observers have been successful (Noguchi 
one case. Verse two cases, Jahnel one case, Richter 3 cases) In con- 
trast to the rich spirochetal content of the bram in paresis, the nervous 
system thus seems smgularly devoid of these organisms in tabes 
Moreover, tabes is frequently associated with four isolated cerebral 
disturbances first, and most frequent, the characteristic pupillary 
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revelled any visible lesion in this area, and that trcponemes have never 
been demonstrated in it Even if this were not true, it would be 
difficult to explain the uniform selective invasion of this tiny area by 
organisms, especially since the neighboring nucleus of the oculomotor 
nerve, to say notlung of other cerebral areas, is so infrequently in- 
volved Ingvar has evolved an explanation of the pupillary changes 
on the basis of a widespread rather than an intensely-localized lesion 
He feels that in spite of the absence of definite evidence for the exact 
path of the pupillo-motor fibres in man, there are evolutionary and 
phylogenetic reasons for thinking that these pathways run on the 
surface of the diencephalon, and that many of the more superficial 
nerve fibres lack myelin sheaths Exudative and inflammatory proc- 
esses at the base arc, he says, to some degree universal in metasyphilis 
(tabes and paresis) , and the inflammatory lesions in the pia and arach- 
noid are in direct contact with the unmyelinated nerve fibres on the 
surface of the cerebrum (and also with cranial nerves) This contact 
leads to marginal degeneration of the optic pathwajs with resultant 
injury to the pupillo motor paths Ingvar thinks that this basilar 
meningitis may also bo the explanation of the isolated ptosis occurnng 
m tabes from injury to the fibres supplying the levator of the lid and 
the superior rectus muscle, which are known to run on the margin of 
the third nerve, and that it may also explain the early concentric 
constnction of the visual fields so often observed in optic atrophy, 
since unmyenlmated nerve fibres are also present in the periphery of 
the nerve If necropsy shows no evidence of basilar meningitis in a 
metasyphilitic patient, Ingvar assumes that it was formerly present, 
and has left the various degenerative processes in its wake The 
difficulty with this explanation is the fact that inflammatory processes 
at the base are not universal in tabes, indeed, so careful an observer as 
liichter thinks that they arc rarely extensive and that if present in 
considerable degree, they indicate a co existent paretic process 
Spielmcyer (1923) has shown that in metasyplulis, inflammatory 
and degenerative changes may exist side by side in the nervous system 
but that they need not necessanly be parallel in degree While de- 
generative changes may occur as the result of inflammation they may 
also exist m high degree (as m tabes) without direct relation to it To 
explain this phenomenon, certain investigators, notably Hauptmann 
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(1924, 1930), see a process at work in metasj^hilis not dependent on 
the direct consequences of the presence of T. palltda in the nervous 
system Hauptmann assumes that the nervous system is damaged by 
a toxin, dependent on the presence of organisms in the body outside 
the nervous system as well as within it This toxin, whether it is 
elaborated by hving treponemes, whether it arises from their extra- 
phagocytic destruction m the host’s battle against them, or whether it 
is a substance normally present in the blood stream which is toxic for 
nervous tissues but imder normal arcumstances is prevented from 
reaching them, may gain access to the nervous system by an upsetting 
of the normal barrier between blood and spinal flmd, and this m turn 
may be due to the presence of few or many organisms withm the nerv- 
ous system The apparent selective action of the hypothetical toxin 
for the pupiUo-motor pathways and the optic nerve is no more difficult 
of explanation than the action of other and better known toxic sub- 
stances, such as methyl alcohol or tiyparsaimde It is impossible m a 
short space to give the detailed steps of Hauptmann’s reasoning, one 
can only say that his theory explams many of the climcal and patho- 
logic facts of metasyphilis which otherwise appear inexphcable with 
our present knowledge 

Stimulated by these and other considerations, Behr (1926) concludes 
that neurosyphihs may be stdl more simply classified into three main 
groups (1) mesodermal neurosyphihs, involvmg bram or spinal cord 
(and mdudmg the meningeal, vascular, and memngo-vascular groups 
above), (2) ectodermal neurosyphihs — general paresis, and (3) meta- 
syphihs — tabes dorsahs He postulates that in the first two of these 
groups, the damage is done by the actual presence of T palhda m 
mesodermal or ectodermal tissues, m the third, the lesions are de- 
pendent on the hypothetical toxic, as well as on specific, influences 

The modem study of the pathologic anatomy of primary optic 
atrophy begins with Stargardt (1913) Many earher authors had 
held that the degenerative changes in the nerve were dependent on 
changes m the ganghon cells and nerve endmgs in the retma Star- 
gardt studied the visual apparatus of 19 patients with paresis, 4 with 
tabo-paresis, and 3 with tabes Six of these (2 paretics, 3 tabo- 
paretics, and 1 tabetic) showed advanced optic atrophy, in four others, 
all paretics, there was outspoken partial atrophy The fiindmgs did 
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not differ matcnally m paretics and tabeUcs The first and earliest 
evidence of damage to the visual pathways was in the chiasm, and 
consisted m an undue proliferation of gha fibres, with isolated plasma 
cells in tlic overlying pia Next the intracranial portion of the optic 
neries was similarly involved With increasing infiltration of round 
and plasma cells in the covering pia, there w as a simultaneous prolifera- 
tion of glia fibres in the nerve As time went on, the medullary 
sheaths underlying the infiltrated areas showed degeneration, and later 
the axis cylinders and fibrillae were also involved, to be finally re- 
placed by gha cells filled with amyloid The intrancural connective 
tissues and blood vessels showed no early alterations, and could be 
apparently normal even m far-advanced atrophy 

Stargardt states that in the 8 of his 26 patients w’ho showed no degen- 
eration in the optic nerves or chmm, exudative changes in the covenng 
pia were almost or wholly absent However, as Wagner-Jauregg- 
points out, exudative changes m the meninges of paretics, who com- 
posed the majonty of Stargardt’s matcnal, are almost universal, and 
their presence or absence can be of little real importance for the 
development of optic atrophy 

Paheh-Szanto (1917) studied 9 cases of optic atrophy, and agreed 
that exudative changes were present in the overlying membranes of 
the intracramal portion of the optic nerve, and the chiasm and that 
the degenerative changes were most marked in the periphery’ of the 
optic nerves Here the nerve tissues were almost wholly replaced by 
gha fibres The optic tracts and the geniculate bodies were wholly 
free from lesions This observ’er made an extended search for tre- 
ponemes, wathout success 

In Richter’s (1912) three cases of optic atrophy in uncomplicated 
tabes, the findmgs were essentially the same as in Stargardt’s patients 
Richter agrees wath Stargardt that the atrophic process m the nerves 
IS the same m paresis as in tabes 

Tuyiwara (1925) studied the visual pathways m 19 neurosyphilitics, 
of whom 10 had tabes, 2 probable tabes, 1 questionable tabes, 2 tabo- 
paresis, and 4 pupillary changes only Chmeal data as to visual acuity 
and the ophthalmoscopic picture were lackmg in S, m 12, vision and 
fundi were normal, and optic atrophy was present in two patients 
From the pathologic standpoint, all patients except two showed some 
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degree of atrophy of nerve fibres in the intracranial portion of the 
optic nerve, even including 9 patients with perfectly normal fundi 
dunng hfe Some degree of atrophy was present in the chiasm in 11 
cases, while m the tracts (mvestigated in 14 patients only), there were 
atrophic changes in 3 mstances, mcluding the two patients with optic 
atrophy, cellular infiltration of the overlying pia was found m all 
cases except two The predominatmg ceU was the lymphocyte, 
plasma cells were few The degree of infiltration was vanable but was 
regarded as moderate in all Perivascular infiltration of the vessels 
running in the connective tissue septa of the nerve was present in 5 
patients Treponemes were not found in pia or nerve tissues m 11 
cases studied These findings are obviously contradictory of the 
earlier study of Stargardt 

Behr has been a deep, if very pessimistic, student of the question of 
pnmary optic atrophy He exammed (1926) senal sections, from the 
eye to the geniculate bodies, of 9 cases of optic atrophy He con- 
cludes that the degeneration always begms at the nerve margms, in 
the nerve bundles imderlying the pia It may occur m a smgle area or 
in several simultaneously, and may progress at different rates He 
believes that it always occurs distal to the chiasm, partly because of 
the great ranty of hemianopsia dunng life, partly because he has 
seen cases with moderately advanced atrophy of the optic nerves with 
only slight changes in and behind the chiasm The intracranial por- 
tion of the optic nerve is, accordmg to Behr, the portion of the visual 
pathways in most intimate contact with the pia and the mesodermal 
connective tissue septa Exudative changes m these mesodermal tis- 
sues are constantly demonstrable m tabetic optic atrophy and absent 
in all other atrophic processes in the nerves The pnmary change in 
syphihtic primary optic atrophy, Behr believes, is an inflammatory 
process in the connective tissue septa of the mtracranial portion of the 
nerve and of the blood vessels which nm within them Such changes 
are demonstrable both early and late m the process These changes, 
especially those of the blood vessels, impair the nutntion of the nerve 
fibres and degeneration results Exudative processes in the menm- 
ges are, according to Behr, merely coinadental, as shown by their 
mconsistency There are numerous mstances of marked infiltration 
of the pia overlymg chiasm and nerves, with no evidence of optic 
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atrophy, and conversely, many instances of optic atrophj m the ab- 
sence of such changes Behr agrees -mth Richter that exudative 
meningeal changes at the base are rare in tabes, and that if present, 
they raise the question of a co-exisUng paretic process 
It seems to Behr important, and not elscnhere much stressed, that 
in eaTl> cases of optic atrophy the medullary sheaths are first affected, 
imohement of the axis cylinders coming later He feels that this is 
the eiiplanation for the fact that one can see the ophthalmoscopic 
picture of optic atrophy without my visual change except m the phe- 
nomenon of dark adaptation 

Behr believes with Hauptmann that a toxin of some sort must be 
partly responsible for optic atrophy, but docs not agree that its effect 
IS on the nerve fibres He eliminates them partly because the appar- 
ent constant assoaation of exudative changes in the mesodermal septa 
and xessels with degeneration of the ner\e fibres is so unsj'stematic 
Here and there throughout the central, intermediate, or subseptal 
portions of the nerve, one finds degenerated fibres surrounded by and 
m contact with others which are quite normal If therefore the atro- 
phic process is dependent on a toan, some other portion of the ner\e 
than the nerve fibres themselves must be susceptible to the toxin, 
namely, the gha fibres In Behr’s opmion the gha fibre system is the 
lymph supply system of the optic bundle and the nerve fibres arc 
nounshed through it Morphologic and physico-chermcal alterations 
m the gha fibre system result in a disturbance of nutntion in the 
nene fibres and thar medullary sheaths If the nutntional disturb- 
ance IS prolonged, death results, first of the myelinated sheaths, 
then of the axis cylinders The primary change is, he thinks, not only 
in the marginal but also in the parenchymatous gha fibres, the second- 
ary' result is a disturbance of nutntion of the nerve fibres, endmg in 
degeneration 

Igersheimer (1926, 1928) points out that on the basis of his own and 
earlier pathologic studies there is general agreement as to the facts that 
atrophy begins in the intracranial portion of the optic nerve distal to 
the chiasm, and that the degenerative process occurs first m the mar- 
gmal fibres of the nerve He states that there is as yet no agreement 
as to the third question of importance, i e , the rdationship of the 
degenerative to inflammatory processes His own studies of the 
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Visual pathways of a large number of paretics, tabo-paretics and tabe- 
tics with and without optic atrophy, clanfy this situation only in a 
negative sense He found that round and plasma cell infiltration of 
the pia and arachnoid, near and around the chiasm and in the intra- 
cranial portion of the optic nerve, was frequent m both paresis and 
tabes, and this whether optic atrophy was present or absent He re- 
gards It as important that m one case m which he could follow a be- 
ginning atrophy through the whole visual tract, there was only a very 
minimal cellular infiltration of the pia and none at all in the septa of 
the nerve 

Igersheimer has also provided the first reliable evidence as to the po- 
tential role of the actual presence of T palhda in the causation of 
optic atrophy Among 40 neurosyphilitics, the optic nerves were 
quite normal m 10 (7 paretics, 3 tabetics) and in one of these patients 
only, he foimd a single T palhdum m the optic tracts within the brain 
In 9 cases (8 paretics, 1 tabetic), there were marked inflammatory 
changes in the pia about the chiasm and nerves and in the septa, but 
no demonstrable degenerative lesions Treponemes were demon- 
strated in the pia and arachnoid of the intracranial portion of the 
optic nerve in three of these patients (all paretics) and in one of the 
three also in the septa and glia Optic atrophy was present in 21 
patients (11 paretics, 4 tabo-paretics, 6 tabetics) Treponemes were 
demonstrated in 7 of these (once by dark field) in vanous parts of the 
visual apparatus, rangmg from the meningeal coat of the intracranial 
portion of the optic nerve to the external geniculate body In all, 
Igersheimer found the organisms in the visual apparatus (but never 
m the nerve tissues proper) of 1 of 10 tabetics, 2 of 4 tabo-paretics, and 
7 of 33 paretics To put it differently, treponemes were present in 3 
of 9 patients with inflammatory but no degenerative changes, and in 
7 of 21 patients with defimte atrophy, or in exactly the same propor- 
tion whether optic atrophy was present or absent 

Pacheco e Silva and Candido da Silva (1929), m a paper which is 
accessible to me only m abstract, report that they studied the intra- 
cranial portion of the optic nerves of 21 paretics by Jahnel’s technic 
Unfortunately, the abstract does not state whether any of these pa- 
tients had optic atrophy In one case, many treponemes were found, 
within the nerve substance 
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The net result of these elaborate pathologic studies by various com- 
petent observers has been to settle only the question of the point of 
ongin of optic atrophy in the marginal fibres of the intracranial por- 
tion of the optic nerve distal to the chiasm It seems obvious from 
a\hat has been said that the atrophic process bears no direct relation- 
ship to the presence or absence of exudative dianges in the overlying 
or neighbonng meninges or to the presence or absence of T pallida, 
m or close to the visual patliways 

After a consideration of these same data, Wagner-Jauregg criticizes 
the pathologic evadence by sajnng that a sludj of the visual apparatus 
in uncomplicated paresis (on xihich a good deal of the work has been 
done) IS of no particular xalue for elucidating the problem of optic 
atrophy, even in tabo paresis iiith optic atrophy the extensive patlio- 
logic changes m the whole brain render unsafe any conclusions as to 
such a highly speaahzed part of the brain as the visual tracts What 
IS needed is a study of pure tabes with optic atrophy, and most im- 
portant of all, nith beginning atrophy This is obviously very diffi- 
cult, since such cases rarely come to necropsy He adds that any 
theory of the development of optic atrophy must fit this particular 
process to the pathologic and clinical entity of tabes dorsalis, and 
must explam such clinical facts as the frequent preataxic occurrence 
of optic atrophy, and its development in occasional cases of otheroase 
apparently stationary tabes, mth negative serology of blood and 
spinal fluid 

The apparent lack of relationship betv een the presence of T pallida 
in or around the optic nen'es and the occurrence of optic atrophy has 
been one of the strong points of Hauptmann’s toxin theorj , and has 
also been advanced as a possible explanation for the relative inefficiency 
of anti-syphihtic treatment Here again the endence provided by 
the practical tlierapeutist is of some value It will be presently shown 
in the section dealing xnth treatment that there are two forms of 
therapy which are sometimes successful m bnngmg about arrest or 
even slight improvement m the atrophic processes, namely, the sub- 
dural injection of vanous medicaments, and fever therapy If optic 
atrophy is due to Hauptmann’s hypothetical toxm, it seems reasonable 
to assume that the degenerative process wall continue so long as the 
toxin continues to reach the optic nerves Routine antisyphilitic 
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treatment, judging by its failure to impede the downhill progress ot 
optic atrophy, is not wholly successful m eliminating the toxin It 
seems unlikely that the addition to routine treatment of such pro- 
cedures as the intraspinal or intracistemal mjection of neoarsphena- 
mine, mercury, air, or arsphenammized serum would cause a cessation 
of production of the toxm, which Hauptmann postulates is elaborated 
outside the nervous system rather than within it On the other hand 
it IS much more probable that the favorable result of the direct con- 
tact of medicated substances with diseased tissue means the destruc- 
tion of living organisms responsible for the disease process If this 
be true, it is necessary first to explam the presence of treponemes m 
optic nerves of neurosyphilitics without optic atrophy, and second, 
their apparent absence in many cases when optic atrophy exists As 
to the former, it is of course weU known that the tissue response to the 
presence of the T pallidum m the nervous system is an exceedingly 
slow and chrome one, and that, for example, although the neuraxis 
is invaded by organisms within the first year of infection, the tissue 
response resulting m neurosyphihs develops so gradually that 2 to 25 
years elapse before the appearance of symptoms It is quite con- 
ceivable, therefore, that had the individual with treponemes present 
m a normal optic nerve hved longer, optic atrophy might have de- 
veloped 

As to the latter, it has been frequently suggested that the spiral 
form of the T pallidum, so well known to us, is only one phase in the 
bfp. rvrle of the OTvamsms. and that the cvcle mav also include vranular 
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the hypothesis that these granules represent the infective stage of tlic 
organism and a part of its reproductive cycle, but regard this as at 
least possible Should further investigation establish the proof of 
this hypothesis, it seems probable that optic atrophy, as well as other 
lesions of ncurosyphihs of obscure etiology, may be due to the direct 
invasion of the tissues by the variant form of tlie organism This 
would also c\-plain the benefiaal effect of subdural therapy in optic 
atrophy and m certain other lesions of tabes 

One other aspect of treatment is perhaps of importance in the argu- 
ment as to whether optic atrophy may be due to the actual presence of 
living organisms (in whatever stage of their reproductive cycle) in 
or around the optic nerves Tins is tlie frequently repeated clinical 
observation that in some cases, treatment started witli an arsphena- 
mine product or with malaria results in prompt acceleration of the 
rate of visual failure This has been emphasized by Bohr, as one argu- 
ment against all forms of treatment From the chmaan’s standpoint, 
this would appear to be a typical Jansch-Herdicimer reaction, en- 
tirely analogous to similar reactions m other tissues of the body, and 
thought to be dependent on the sudden destruction of organisms with 
liberation of their endotoxins 

THE EVEERIUENTAE PRODHCTION OF SYPinLITIC OFTIC ATROPHY 

The only report dealmg with this question faimhar to me is that of 
Igersheimcr (1918) who says he has seen degenerative processes in 
the optic nerves of rabbits “several times ” He gives the protocols of 
4 expenments in all of whidi the annuals were infected by the injec- 
tion of an emulsion of T pallida into the common carotid artery In 
three of the animals there were extensive lesions m choroid and retina, 
and the author regarded the accompanying optic atrophy as ascend- 
ing in character, and due to the injury to ganglion cells In one am- 
mal only was there a moderate degree of optic atrophy without marked 
intraocular changes, here the pathologic picture was quite sunilar to 
that seen m tabetic optic atrophy The artificial conditions of these 
expenments makes them valueless for elucidation of the problem of 
optic atrophy m man 

Spielmeyer (1906) reports that in dogs infected with Trypanosoma 
briicct, optic atrophy developed m several instances, the apparently 
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primary degeneration extending through the whole \risual tract, from 
the optic nerve to the visual centers In these cases there was no 
inflammatory change in the vessels It is of extreme interest that in 
these dogs, there were also degenerative changes m the postenor 
columns of the cord and in the roots of the flfth cranial nerves, thus 
producing a close analogy to the lesions of tabes m man 

THE TREATMENT OE PRIMARY OPTIC ATROPHY 

Only a brief perusal of the older literature suflfices to show that the 
treatment of primary optic atrophy prior to the introduction of sal- 
varsan was almost never of benefit, and that the process progressed 
inexorably to bhndness at approximately the same rate as if nothing 
had been done With the introduction of modern anti-sj^hflitic 
drugs, there began to appear mdividual case reports, some of which 
claimed improvement m or arrest of the process, while others spoke of 
the deletenous effect of the arsenicals m hastemng the onset of bhnd- 
ness Also, scattered here and there in communications deahng with 
the general subject of the treatment of neurosyphihs are allusions to 
partial successes or failures of treatment I have made no attempt to 
collect matenal from all possible sources, prefernng to limit this sur- 
vey largely to papers which consider the treatment of optic atrophy 
as a speaal problem and which report a sufficient number of cases to 
lend weight to their conclusions 

Perhaps due to the prominence accorded the use of atoxyl as an anti- 
syphihtic agent pnor to the introduction of salvarsan, and subse- 
quently in the treatment of tiypanosomiasis, and to the fact that 
atoxyl was known to produce optic atrophy, the impression gained 
among ophthalmologists that arsenical drugs were potentially dan- 
gerous to the eye This has been reflected in ophthalmologic htera- 
ture m statements that the arsenicals should not be used m any form 
of ocular syphilis and should be especially avoided m optic atrophy 
The feeling has not been lessened m the minds of ophthalmologists by 
the fact that no sooner had the agitation over atoxyl died down, than 
tiyparsaxmde, an atoxjd denvative also having a deletenous effect upon 
the optic nerves m a certain proportion of cases, was introduced into 
the therapy of syphilis Although many observ’-ers, important among 
them Igersheimer, have shoivn that arsphenamme (salvarsan) and 
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Its immediate derivatives have no deleterious effect of any kind upon 
any of the structures of the eye, and though this has been amply 
demonstrated in practice by the injection of millions of doses of these 
drugs, the belief persists, and is hard to eradicate Recent articles 
by Zimmermann, Chambers, and Stokes have perhaps aided m clarify- 
ing this situation 

However, a few years experience with the arsphenamines in the 
treatment of optic atrophy sufficed to show that little more was to 
be gained from their routine use than by the older methods wntli 
mercury Although one occasionally met with an individual success, 
usually in a patient with a very' early atrophic process, it was never 
possible to be sure that this did not represent a spontaneous remission 
In the vast majonty of mstanccs the speed of progress of tlie atrophy 
was not altered, unless for the worse, and blindness ensued as rapidly 
as if nothmg had been done Moreover, a considerable number of 
cases accumulated in which visual failure was promptly accelerated 
at the start of a course of treatment Though these were usually 
patients w'lth an already far advanced and rapidly advancing atrophy, 
the evident occasional production of a Jansch Herxheimer reaction 
in the diseased nerve and the sudden extinguishing of vision in sucli 
cases strengthened ophthalmologic opinion that the arsphenamines 
were contraindicated in optic atrophy 
Behr has been an indefatigable writer on the treatment of optic 
atrophy, and his opinions as to the results obtained from all standard 
methods of treatment except subdural or fever therapy, may be re- 
garded as representative of ophthalmologic thought He says (1926) 
that m more than 100 cases treated by him with mercury, bismuth 
and the arsphenamines, each alone, and in all possible combinations 
(except subdurally), and with the more modem fever therapy, in- 
cluding malana, he has never seen a cure There w as never improve- 
ment in any genuinely progressive case, and all sucli patients became 
blind m the ortliodox period of time Although he has had no personal 
expenence with the subdural method of treatment, he finds the results 
of others unconvincing Not only has he failed to observe any bene- 
ficial result from treatment, but he has also seen visual failure acceler- 
ated by It, and he provides bnef reports of 6 such cases treated by 
routine methods, and one additional case treated with malana As 
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a result of these expenences, he thinks all treatment should be with- 
held from patients with pnmaiy optic atrophy, at least until the 
atrophic process has become complete 

John (1929) agrees with Behr He has treated a large number of 
patients with optic atrophy, of whom he was able to follow only 28 for 
periods of time ranging from 2 months to 3 years Twelve of these 
patients were treated with potassium iodide only, of these, six were 
“favorably influenced ” The remaining 16 were treated with vanous 
other methods (no accurate details given) , and of these only four were 
favorably mfluenced Since no data are provided as to the degree of 
atrophy in the two groups, as to the type or duration of treatment, 
nor as to the rate of progress after treatment, one can only feel that 
John, like Behr, is unduly pessimistic m deciding from this experience 
that treatment is hopeless 

It is only fair to say that not only ophthalmologists, but many 
neurologists and syphilologists, including those of such wide expenence 
as Stokes, for example, are therapeutic mhilists as to pnmary optic 
atrophy, having seen little benefit from treatment 

Behr points out with much justice that it is extremely difl&cult to 
evaluate the results of treatment m an individual case, since the rate of 
progress of the atrophic process is so variable (a few months to many 
years before blindness ensues), and since spontaneous remissions occur 
so often As to the vanability of progress, our personal expenence is 
in thorough accord, spontaneous remission has, however, seemed to us 
to be a comparatively rare phenomenon Behr also emphasizes the 
facts that to speak with any authority concermng treatment results, 
the investigator must have observed a large number of cases over a 
long penod of time, so as to be sure that a favorable outcome occurs 
more frequently and lasts longer than in control untreated groups, 
and that many of the published reports so far have lacked essential 
ophthalmologic details He msists that before, dunng, and after 
treatment the eyes must be under the careful observation of a com- 
petent ophthalmologist The present study of the literature, though 
it leads to conclusions as to the efficacy of treatment diametncaUy 
opposite to those of Behr, support these contentions The reasons 
for the prevailing feehng of hopelessness among ophthalmologists 
he in the facts that it is difficult for any single observer to amass a 
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suffiaently large senes of treated patients followed for a long enough 
time, that reports appear as a part of the discussion of the general 
problem of treatment of neurosyphilis and are thus submerged in 
relative obscunty, and tliat few of Uicm provide suffiaent ophthal- 
mologic details to be convincing to the reader In dealmg with a 
disease process the outcome of which has heretofore been uniformly 
unfavorable, it does not suffice for the investigator to report tliat he 
has treated so many cases with improvement or arrest He must de- 
fine his material sufficiently carefully so that the reader may be aware 
of the degree of atrophy and the approximate rate of its progress be- 
fore treatment, he must not only desenbe his treatment method but 
provide details as to how much was given and over how long a penod 
of time, and he must above all have followed his cases for years, not 
for weeks or months Further reading of this paper will show to 
what extent the available published reports are deficient in these re- 
spects However, it is unwise entirely to condemn a method of treat- 
ment as Behr conderrms subdural therapy, because its users have failed 
to provide accurate ophtlialmologic studies Statements as to visual 
acuity are often available, and after all, the success or failure of a 
given method of treatment m any senes of cases can readily be meas- 
ured by ability to see versus blindness If useful vision can be main- 
tained for a penod of years, it matters little to the patient whether 
there have been detailed records of visual fields, etc , throughout his 
illness 

In evaluating treatment results in optic atrophy, a certain amount of 
common sense is essential It is quite obvious, from what has been 
said of the pathologic anatomy of the condition, that when a patient 
IS completely blind and the fibres of the optic nerve completely de- 
generated, vision cannot be restored Dead nerve fibres cannot be 
replaced by living ones If our own experience is tj^ncal of that of 
others, it is a distressing fact that the majonty of our own patients are 
blind or nearly so when first seen If any form of treatment is to be 
successful. It must aim, not at the replacement of dead nerve fibres, 
but at the arrest of the degenerative process The ultimate success or 
failure of treatment therefore depends entirely on whether it can be 
started while enough living nerve fibres remain so that, if they can be 
preserved useful vision is retained It is difficult if not impossible to 
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set up a cntenon of this applicable to every case Certainly it cannot 
depend on the degree of pallor of the discs, since we have already seen 
that the discs may be chalky white in the presence of normal central 
vision, nor can it depend on the visual fields, for they may be concen- 
trically contracted to a marked degree while central vision is normal or 
only shghtly reduced The standard which we adopted some years 
ago as a rough workmg basis (Moore 1927) is that if central visual 
acuity m the better eye is 20/60 or more, there is some hope of re- 
tammg useful vision, while if vision m the better eye is less than this, 
the prognosis is bad 

It IS also important to detenmne whether there are other factors 
than the degree of visual acuity before treatment, which may aid m 
estimating the probable success or failure of a treatment method 
The rate of progression of visual failure is certainly an important con- 
sideration to which httle attention has been paid m the hterature It 
is unhkely that as good results can be obtained from any method of 
treatment in a rapidly progressive atrophy as in a patient with only 
slow visual loss Many ophthalmologists have laid stress on the 
type of alteration m the visual fields as being an exact mdication of 
the location and extent of the pathologic change in the optic nerves 
and as an indication for giving or withholdmg treatment Wilbrand 
and Saenger (1913) differentiate two tj/pes of optic atrophy, one with 
gradual diminution of central vision and progressive contraction of 
white and color fields, the other with concentric constnction of form 
fields with normal central vision and maintenance of color vision in 
the functiomng portion of the visual field In the first of these, 
they beheve the involvement of the optic nerve to be diffuse', and treat- 
ment to be contramdicated In the second, the lesion involves pe- 
npherally placed fibres pnncipaUy, and treatment is strongly ad- 
vised Behr (1916) describes three tj^es of field changes in which he 
believes treatment to be contramdicated These are (1) decrease in 
central vision and early loss of color vision with normal or nearly nor- 
mal fields for form, (2) marked constnction of white and color fields 
with normal or nearly normal central vision, (3) slight changes only in 
form rather than color fields, normal or nearly normal central vision, 
but the ophthalmoscopic picture of advanced atrophy 

Arlt (1922), in descnbing the results of treatment with the arsphen- 
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amines, mercurj, and potassium iodide, divides his 53 cases into 
three groups Eighty-five per cent of his patients showed simultane- 
ous bilateral loss of visual acuity, and constriction of form and color 
fields This he interprets to mean diffuse involvement of the nholc 
optic nerve Here the prognosis was uniformly bad, treated or un- 
treated, these patients progressed to complete blindness in an average 
penod of about two years A second group, compnsing about 9 per 
cent of his patients, showed sector defects in the visual fields, instead 
of concentnc constnction (no details as to visual acuity) In this 
group, the prognosis was relatively good He separates into a third 
group those with central scotomas, who made up 6 per cent of his 
matenal Here also the prognosis w'as fair for preservation of useful 
vision Arlt bnngs out tlie point, more strongly stressed by Lederer 
(1928), that the outlook is much worse when vision fails in both eves 
simultaneously than when treatment can be started while the atrophic 
process is still apparently unilateral, and visual acuity and fields in 
the better eye are still normal or nearly so Unfortunately, Arlt 
gives no detailed information as to the typo of treatment used, the 
number of cases treated or untreated, nor the results observed in the 
two groups He did not employ subdural or fever therapy 

SUBDURAL (l^TRASI>lNAL OR INTRACISTCRNAL) TREATMENT 

Pnor to the introduction of the subdural method of treatment by 
Swift and Ellis (1913), the prognosis of optic atrophy was, as has 
been pointed out, completely or almost completely hopeless Since 
1915, however, there have been accumulating here and there reports 
whieh lend a different aspect to the situation Swift and Ellis them- 
selves reported arrest of the process in a few cases, using their tech- 
nique of intraspinal arsphenaminized serum Genneneli (1916, 1922), 
m Germany, also advocated intraspmal treatment with neoatsphena- 
mme dissolved in the spinal fluid of the patient and reported several 
successful results 

In 1916, Schoenberg, m a long and carefully considered paper deal- 
ing with the anatomy and physiology of the central nervous system, 
earned out mtravital staining expenments with trypan blue and lamp 
black He found that these substances could not be brought into 
contact ivith the optic nerves or their sheaths when given by the m- 
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travenous route, but only when given by intraventncular (and cis- 
temaP) injections He considered the apphcabihty of this fact to 
the treatment of optic atrophy, although he did not then report having 
used such a method of treatment himself He accepted the idea that 
optic atrophy was due to the presence of T palltda in the optic nerves, 
and felt that the only hope of relieving it was to mtroduce medicated 
substances subduraUy The ideas of Schoenberg (and many others 
precedmg and following him) as to the relative impermeabihty of the 
nervous system and cerebrospinal fluid to drugs introduced intra- 
venously have been abundantly confirmed Schoenberg subsequently 
reported (1920) on the results of the mtraspmal or intraventncular 


TABLE 3 

ScJtachcrVs results with intrasptnal treatment in optic atrophy 


CASE 

VISI0^ BEFORE TREATMENT 

VISION AFTER TREATMENT 

PERIOD OF 

THERAPEUTIC 

KUMBEE 

0 D 

0 S 

0 D 

0 S 

OBSERVATION 

RESULT 

1 

6/12 

6/18 

6/18 

6/24 

5 months 

Slow failure 

2 

L P 

6/18 

Hand move- 
ments 

6/24 

4i years 

Arrest 

3 

6/6 

Blind 

6/5 

L P 

2| years 

Arrest 

4 

Cannot be deter- 
mined from avail- 
able data 

6/38 

1 

6/8 

10 months 

Arrest 

5 

F 1 5 me- 
ters 

F 2 5 me- 
ters 

3/60 

3/60 

4| years 

Improved 


In this and subsequent tables, L P = light perception, F = fingers 


treatment of 8 patients with optic atrophy In 3 the process was 
apparently arrested, five became worse in spite of treatment Judged 
by present day standards, the amount of treatment given was inade- 
quately small m all instances 

In 1923 Schacherl reported on the subdural treatment of pnmary 
optic atrophy m a senes of 64 patients, of whom only 5 had been under 
observation for a long enough penod of time to make him fairly certain 
of the permanency of his results His treatment scheme was one of 
combined mtravenous and mtraspmal injections, the latter of 0 25 
to 1 mgm of neoarsphenamme dissolved m spinal fluid or salt solution 
Such injections were contmued (intervals not stated) until the spinal 
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fluid serology had become negative and for several doses thereafter 
His results Tvere as shown m table 3 Of the remaining 59 pauents 
in his senes, 31 had been lost track of, 2 were completely blind when 
treatment was started, 22 were still under treatment, and in 4 treat- 
ment had recently been completed with good results tliough the obser- 
vation penod was too short to include them in the report In a 
subsequent publication (1927), Schadierl confirms his earlier opinion, 
and states that his series now’ includes 31 cases “benefited” by intra- 
spinal treatment He gives no further details, and does not mention 
the number of unsuccessful treatment attempts He states that there 
IS no danger of aggravating the visual failure by this method of ther- 
apy, as a number of observers have suggested that there is with malana, 
and he regards intraspinal treatment as the only method which holds 
out any hope for the patient with optic atrophy 
In 1924 Fordyce reports, 

"in optic atrophy the result of a basilar mcnmgitis, the use of methods of 
treatment demonstrated to be futile or of little value is wasted effort and 
results in the loss of valuable time Persistent mtraspmal treatment when 
indicated by the fluid findings can arrest its progress and often preserve a 
useful amount of vision Our statistics show 33 cases which were under 
observation and treatment, oi whom 9 were of the simple optic atrophy 
type, 17 of the tabetic type, and 7 of the paretic type Eight had al- 
most complete atrophy of both eyes before treatment was undertaken 
No amelioration was brought about Seven had complete atrophy of one 
eye and partial m the other Two of these progressed and S became sta- 
tionary Seventeen had incomplete atrophy of both eyes In 12 improve- 
ment took place and the process was arrested In 5 a further reduction of 
the visual field was noted before arrest of the process The majority of 
these patients were controlled by well-known eye men, and the fields of 
vision taken before, during, and after treatment In 5 of the patients 
arrest of the atrophy has been confirmed from two to five years after nega- 
tive blood and fluid ” 

Stokes and Shaffer, on the contrary, reported m 1925 that, “In ten 
cases of the primary type (of optic atrophy) we were unable to 
record a single improvement OccasionaUy, in the very earliest 
cases It seems possible to arrest the process ” Unfortunately, it is 
impossible to tell to what extent, if at all, mtraspmal treatment was 
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used in these cases, though m a subsequent paper, Stokes says, “I 
have not seen intraspinal therapy produce results notably 
superior to those obtained bj’’ mercury and intravenous iodide ” 
Zimmermann in 1925 reported a careful study of 7 patients treated 
intraspmally He draws a distinction between tabetic optic atrophy 
and that due to basdar meningitis, believing that the prognosis is 
better in the latter type As already pointed out, however, it is 
probable that the process is essentially the same in either case, and 


TABLE 4 

Zimmermann' s results m tabetic primary optic atrophy 


CASE 

■KUM- 

VISION BEFORE 
TREATitEVr 

1 TEEATMENT 

VISION ATTEE 
TREATIIEN'T 

PERIOD OF 
OBSERVATION 

ZnniERlIANN’S SOMliAEY 

BEK 

O D 

0 S 

i 

O D 

o s 


1 

■ 


12 IS 

20/30 

Not 

given 

3 years 

Arrest 

2 


20/20 

4IS 

10/200 

20/20 

2 years 

Slow progress 

3 

20/25 


12 IV. 
SIS 

20/20 

20/20-3 

Short dura- 
tion? 

Improved 

4 



6IS 

20/60 

20/60 

2 years 

Slow progress 

5 

m 

20/70 

16 IV 
4IS 

20/200 

20/100 

5 years 

Slow progress 

6 

20/25 

20/25 

6IS 

Blind 

20/70 

10 months 

Worse 

7 


20/40 

4IS ! 

H M 

H M 

[ 2 months 

Worse — due to 
treatment 


that differential diagnosis is always diihcult and often impossible His 
results maj* be summed up as in table 4 (aU patients with tabetic 
primary atrophy) It is worth noting that all of these patients were 
inadequately treated by present daj’- standards Data as to visual 
fields are provided m aU* m general the fields were maintained at their 
onginal level, or nearly so, when vision was prescribed 
Moore (1927) reported the results of intraspinal treatment m 20 
patients with primary optic atrophy, m aU but one of whom visual 
acuity in the better eye was as good as 20/60 He felt that if visual 
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acuity m the better eye was less than 20/200 when treatment was be- 
gun, httle could be hoped for from any form of therap> In fourteen 
of twenty patients, visual failure was arrested In five, visual acuity 
and fields were improved over tlie admission examination, and m nine, 
the process remained stationary In a much larger senes of cases 
treated wnth arsphenamine mtravenouslj without intraspinal treat- 
ment or with mercury, bismuth and potassium iodide, every case 
progressed inexorably to blindness These cases were reported as a 
part of a larger study of the results of treatment of central nervous 
system s3^hilis and details as to visual acuity, visual fields, amount 
of treatment given and the penod of subsequent observation were not 


TABLE 5 

The results of vtirasptnal ireotment tn opitc atrophy (Moore) 


CIZKICAL StSULT 

SEBOtOCIC BESUIT 



n\T 

IZ9 

Total 

Improved 

3 



2 

5 

Stationary 

4 

1 

2 

2 

9 

Worse 

1 



S 

6 

Total 

8 

1 

2 

9 

20 


In 70 per cent a salislaclory cUnical icsuU nas obtained 

In 40 per cent an excellent or good serologic result vs os obtained 

In 40 per cent an excellent or good combined result was obtained 


provided A subsequent report of these and additional cases will 
supplement the present paper 

Gifford and Keegan (1927) have been utilizing the same principle of 
treatment, applied m a different way They have employed intraas- 
ternal injections of 0 5 mgm of bichlonde of mercury (0 1 cc of a 1 /200 
solution diluted with IS to 20 cc of the patient’s spinal fluid) Cer- 
tainly the asternal route would appear to be preferable to the intra- 
spinal, smee it has been repeatedly shown that substances introduced 
into the astema magna reach the base of the brain sooner and in 
higher concentration than when they are introduced into the lumbar 
sac This is probably true even when their diffusion from the lumbar 
area is aided by posture (elevating the foot of the bed) Gifford and 
Keegan report 14 cases of optic atrophy treated by this method In 
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one there was marked improvement, maintained for 5 years In 5, 
the better eye remained unchanged and the authors consider the proc- 
ess to be arrested Four patients were slightly worse and two much 
worse, but none were blmd The observation penod ranged from 9 
months to 5 years One would like to know ophthalmologic details 
which are lacking 

Viner and McMurtry (1925) also report two cases treated by 
Gifford and Keegan’s method In one there was shght but definite 
improvement and in the other, the atrophic process appeared to have 
been arrested 

Meesman and Roggenbau (1929) treated 21 cases of optic atrophy 
(no details as to degree of visual failure before treatment) with a 
system including the intraspinal injection of 0 001 gm neosalvarsan 
dissolved in spinal fluid, together with intravenous neosalvarsan and 
intramuscular bismuth injections In two patients, the process was 
arrested, in one, vision failed rapidly during treatment The remain- 
ing 18 all grew slowly worse, but the rate of progression of the atrophy 
appeared to be definitely slowed up These patients were observed 
for penods of time ranging from 2 to 30 months 

Jaensch (1930) reports the results of subdural treatment with ars- 
phenaminized serum (Swift-Elhs technique) combined with intraven- 
ous neoarsphenamme and mtramuscular bismuth, m 18 patients It 
is not possible to tell how much treatment he gave to any patient 
He divides his patients into three groups group 1, vision m the better 
eye more than 1/10, 7 patients, all blind m 2 to 27 months No 
details are given as to how much better than 1/10 was visual acuity 
m any case Group 2 included 7 patients m whom vision m the better 
eye was 1/10 to finger movements at 2 metres, of these 4 are stationary, 
or only slightly worse, and 3 are bhnd, m penods of time ranging from 
4 to 24 months Four patients were m group 3, m whom vision was 
less than finger movements at 2 metres, and two of these are slightly 
improved On the basis of these results the author is pessinustic as 
to the outcome of treatment 

The same patients are discussed from the general standpoint in a 
separate communication by Rotter (1930), who omits aU ophthalmo- 
logic details Only 10 of the 18 were re-exammed from the neurologic 
standpoint Of these 5 are reported as stationary or improved, 4 
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slightly worse, and only 1 progressive Presumably these results are 
an expression of the general neurologic, rather than the purely oph- 
thalmologic, status Rotter also reports in the same manner on the 
malana treatment of 6 tabetics with optic atrophy His findings 
are shown m table 6 The clinical and serologic outcome are only 
roughly parallel Rotter is a strong advocate of the value of intra- 
spinal or mtracistcmal treatment by the Sivift-Elhs method m tabes, 
and cspeaally in beginning optic atrophy, and draws from the same 
senes of patients more encouraging conclusions than does his ophthal- 


TABIE « 

Roller’s results tn tables mill optic atrophy, expressed from the neurologist's standpoint 



NEUlOtOCtC 

ftEsum 

SEBOLoexe 

BESUITS 

Subdural treatment 

1 


Markedly improved 

1 ‘ 

2 

Slightly improved 

2 1 

14 

Slalionaty 

2 


Slightly worse 

4 


Progressive 

1 


Malaria 1 



Markedly improved 


3 

Slightly improi cd ' 

2 

4 

Stationary 

3 


Progressive 

1 



• Only 10 of the cases treated nere re exammed 


mologic confrere Jaensch This is partly due, of course, to Rotter’s 
more generally neurologic point of view 
Vranesic (1930) provides an interesting discussion of intraspinal 
versus intracistemal treatment He takes the viewpoint that the 
cerebrospmal fluid represents a stagnant fluid system, and that for- 
eign substances introduced into it diffuse upward or downward from 
the point of introduction by virtue of their speafic gravity as compared 
with that of spinal fluid, and of the position of the patient In 
rabbits, human cadavers, and livmg paretic patients, he has shown that 
if blood serum or a 10 per cent solution of sodium iodide is injected 
subdurally into the lumbar sac, the patient being kept sitting upright 
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or in a horizontal reclining position, diffusion of serum proteins or of 
iodine into the cisternal or ventncular fluid takes place only very 
slowly and in small amounts If, on the other hand, the injection is 
intraventncular or intracistemal, these substances appear promptly in 
the lumbar spinal fluid, and within a very few minutes are equal in 
concentration to that in ventncular or asternal fluid The explana- 
tion of this lies, of course, in the high speafic gravity of blood serum 
(1027-1030) or 10 per cent sodium iodide (1082) as compared with that 
of spinal fluid (0 99-1 000) Utilizing this pnnciple in treatment, 
Vranesic has further shown that when blood serum is injected mtra- 
spmally m the lumbar region, serum proteins can be made to appear 
promptly and in high concentration in cisternal or ventricular flmd 
provided the patient is placed m an appropnate position Imme- 
diately after treatment, the patient is laid face down across a bed, his 
hips at the extreme edge of the bed, his weight being supported by his 
thighs and legs on the bed, and by his crossed forearms on the floor, 
his head cushioned by his arms He is left m this position, almost 
literally standmg on his head, for 15 to 25 mmutes, then he is put to 
bed without a pillow, ivith the foot of the bed elevated about a foot, 
for 10 to 15 hours Under these circumstances, it is interestmg to note 
that the concentration of serum protem m the cisternal fluid nses from 

0 3 per cent (Brandberg’s method) to 3 7 per cent at the end of about 
30 minutes and is maintained at this level for at least two and one- 
half hours 

Vranesic has treated 16 patients with optic atrophy by this modi- 
fication of the Swift-Ellis technique Of these, 10 were improved, 

1 e , in several, visual acuity before treatment improved by about one- 
third, others improved from 1/10 of normal vision before treatment 
to 3 /4 afterward Four patients remained stationary , and two others, 
both able only to count fingers before treatment, were uninfluenced 
and gradually became worse No details were provided as to the 
amount of treatment given nor as to the length of observation 
Vranesic is enthusiastic over the results obtamed 

The whole question of the value of subdural therapy in neurosyphi- 
lis, whether mtraspinal, intracistemal, or intraventncular, has been 
the subject of much debate, some of it acrimonious The onginal 
unbounded enthusiasm was met by an equal complete scepticism of 
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Its ^^o^th These opposing viewpoints led to a critical examination 
of the method by which this form of treatment affected its improve- 
ment, if any, and three mam thconcs were elaborated That the 
insignificant amount of drug introduced could be of any real trepone- 
miadal importance seemed improbable, even if its treponemicidal 
activity were enhanced or supplemented by its presence in serum 
(Swift and Ellis) The subdural introduction of medicated serum, or 
of an imtating arsenical or mercurial drug, is known to set up a stenle 
meningitis, and it has been thought that this meningitis itself might be 
of therapeutic value, either from the hyperemia which it induces, or 
because its occurrence alters the permeability of tlie blood-spinal fluid 
barrier, so as to permit the entrance into the spinal fluid and nervous 
system of drugs introduced intravenously, and which otherwise would 
not reach the desired point m sufficient concentration to be of value 
The passage of time has also done much to clanfy the usefulness of 
subdural therapy in vanous tj’pes of ncurosyphilis It is now more 
or less generally agreed that it is of value in certain selected cases, 
chiefly of tabes dorsalis, though there is as >ct no agreement as to 
which of the three factors mentioned above brings about the improve- 
ment Although in the present connection this point w ould seem to be 
of academic importance only, the question as to the mechanism in- 
volved has perhaps been reopened by the work of Horn and Kogerer 
(1929), and of Fazakas (1929) These observers, feelmg that aseptic 
meningitis, whether because of hyperemia or because of disturbance 
of the blood-spinal fluid bamer, was the important feature of subdural 
treatment, undertook to produce a stenle memngitis by intraspinal 
or intraastemal air injections Fazakas has treated 9 patients with 
optic atrophy by this method and Horn and Kogerer three Inasmuch 
as the latter workers omit to supply such important details as visual 
aciuty before treatment, and as they also used malana almost simul- 
taneously, their results are too unreliable to be quoted Of Fazakas’ 
9 cases, adequate details are available m only 5 His method of treat- 
ment is to give an intraastemal air injection every 10 days, m the 
midst of a senes of bi-weekly injections of neoarsphenaimne (to a 
total of 5 to 7 gm ) or silver arsphenamine (to a total of 3 to 5 gm ) 
Recently he has been giving 0 5 to 3 mgm of salvarsan mtraaster- 
nally All five of his patients had relatively early optic atrophy 
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As a result of treatment, four were slightly improved and one was 
stationary after observation penods ranging from one to six years 
In table 7 an attempt has been made to summanze the results ob- 
tained from vanous modifications of the subdural method of treatment 
The experience of certain investigators, such as Stokes, has been 
eliminated because of the absence of details When sufficient details 
were available, I have also elmunated from consideration all patients 
who were blind before treatment was started, and a few more in whom 
vanous data were too inadequate to permit inclusion The informa- 
tion provided does not permit any further analysis on the basis of 


TABLE 7 

Summary of resulls obiatned from subdural treatment 


AUTHOR 

TOTAL CASES| 



WORSE 

Schaclierl 

5 

1 

3 

1 

Fordyce 

24 

12 

5 

7 

Zimmermann 

7 

1 

1 

5 

Moore 

20 

5 

9 

6 

GiSord and Keegan 

12 

1 

5 

6 

Viner and McMurtry 

2 

1 

1 


Fazakas 

5 

4 

1 


Jaensch 

18 

2 

4 

12 

Schoenberg 

8 


1 ^ 

5 

VraneSiC 

16 

10 

4 

2 

Meesman and Roggenbau 

21 


2 

19 

Total 

138 

27 

48 

63 

Per cent 

54 

46 


Visual acuity before treatment, visual field changes, or rate of visual 
failure Generally speaking, classification as “improved” means little 
more than the less striking word “stationary,” since m practically all 
patients the improvement, if any, was very slight, and consisted only 
in a slight increase m central visual acuity, or a slight widemng of 
concentncaUy constricted form fields, or both In 54 per cent of the 
138 patients treated, a favorable outcome resulted, amounting essen- 
tially to the arrest of rapidly progressive visual failure, the progress 
being stopped over penods of time ranging from a few months to 5 
to 6 years It cannot be detenmned whether this arrest or improve- 
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ment left the patient -anth useful vision, obviously this was often not 
the case, since when treatment was started, the atropine process was 
far advanced in many instances Of the 63 patients classified as 
worse, some are blind, and in a few the onset of blindness was preapi- 
tated by treatment, but since blindness is certain if treatment is with- 
held, this cannot be urged as an objection to the treatment method 
In general the rate of progress after treatment seemed slower than 
before 

Taking into consideration the fact that these figures include patients 
with all degrees of optic atrophy (excepting those already completely 
blind), these figures appear to provide incontrovertible evidence that 
something can be accomplished by the treatment of pnmary optic 
atrophy, and that m subdural therapy of one or another sort, a method 
IS at hand which is well wortli further study and much more extensive 
application The data do not provide evidence as to the best method 
of treatment, whether intraspinal or intracistemal, whether arsphena- 
minized serum, neoarsphenarmne or mercury dissolved in spinal fluid, 
air injections etc , nor can anything be said as > et as to the permanency 
of the results achieved, nor as to the type of patient most likely to 
be benefitted or harmed by treatment It seems obvious, from a 
prion reasoning, that the earlier treatment can be started, the better 
the prospects of success, and that intraastemal treatment is likely to 
prove more effective than intraspinal since its effect, of whatever 
nature, is produced in much greater intensity and in closer proximity 
to the diseased area It is also apparent that one or a few treatments 
are not sufficient, on the contrary, it is probably desirable to continue 
at least until the serology of the spinal fluid is negative and perhaps for 
a few treatments thereafter It must not be forgotten, as Rotter has 
emphasized, that the patient wnth optic atrophy has also other lesions 
of neurosyphilis, even though they may not be detectable clinically, 
and that he may have lesions of syphilis in important viscera outside 
the nervous system Treatment for the average neurosyphilitic is 
measured in terms of years, not of a few months 
Much further study is needed and it is hoped that a survey of our 
own matenal, to appear subsequently, will be of service in answering 
some of the more obscure points as to treatment In the meanwhile, 
enough has been said to show that subdural treatment of some type 
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IS of sufficient value to deserve much more widespread and patient 
trial, that nothing is gained by preliminary treatment with intra- 
venous arsphenamine products, mercury, bismuth or the iodides, and 
that, mdeed valuable time may be lost by failure to adopt subdural 
treatment immediately. 

THE USE OE TRYPARSAMHIE IN OPTIC ATROPHY 

Tryparsaimde (n-phenyl glyane amide of p-arsonic acid) is a 
pentavalent arsemcal drug which is of great value in the treatment of 
central nervous system sjrplulis Like atoxyl, it has a tendency to 
produce visual damage in the normal eye, probably from elective 
locahzation in the optic nerve About 10 per cent of all patients 
treated with it develop blurnng or dimness of vision, and of these about 
half show objective evidence of visual damage in the form of concen- 
tnc constnction of the visual fields and diminution of central visual 
aciuty without scotomas These changes precede any ophthalmo- 
scopic evidence of atrophic changes in the nerve and if the admims- 
tration of the drug is promptly stopped at their appearance, may 
spontaneously disappear in a few weeks or may persist for an indefinite 
time In a few instances and even though the drug has been discon- 
tmued, there may be a very slow progression of field constnction and 
increasmg pallor of the nerve, leadmg to confusion m diagnosis with 
a genuine primary atrophy due to syphihs The only differential 
diagnostic points are that (1) visual acuity, fields, and fundi were 
known to be normal before treatment with tryparsaimde, (2) the sub- 
jective complaint of blurred vision with accompanying constriction 
of the penpheral fields was known to occur suddenly and in direct 
relation to treatment with the drug, (3) the progress of the atrophy is 
very much slower than that of atrophy due to syphihs, and (4) central 
visual acmty usually returns promptly to its ongmal level within a 
few weeks of the appearance of the reaction and remains normal in 
spite of slow progression of field constnction 

Woods and Moore (1924) observ’-ed untoward visual reactions from 
the use of tryparsaimde in 21 per cent of patients with neurosj^hilis 
and m only 6 per cent of patients m whom central nervous system 
disease could be excluded Among neurosyphihtics, reactions oc- 
curred m 23 per cent of the tabetics and paretics treated (the type 
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of ncurosyphilis m \\hicli optic atrophy is most IiLcly to occur), and 
m only 15 per cent of patients with other forms of ncurosyphilis 
These figures indicate that tryparsamide is more liktly to produce 
visual damage m patients in whom the optic nerves are already actu- 
ally (or potentially) diseased than in normal individuals When the 
use of the drug was first begun, we felt (Moore, Robinson and Keidel, 
1924) that any patient wath pre-existing disease of the optic nerve or 
retina and especially with optic atrophy, should be ngidly excluded 
from trjTarsamide treatment Subsequent experience (Woods and 
Moore) showed that this was too sweeping a statement Twelve 
patients wath optic atrophy w ere treated wath tryparsamide, and in 
only four was there any evidence of visual damage from its use One 
of these four patients, an individual wath slowly progressive optic 
atrophy of moderate degree, was precipitated into sudden blindness 
after the second dose of the drug On the other hand, however. 
Woods and Moore saw nothing to indicate that tryparsamide was of 
marked value in optic atrophy Though their patients w ere studied 
rather from the standpoint of the possible deletenous effect of tryparsa- 
mide than from that of the treatment of optic atrophy, they saw no 
improvement m any patient, and the progress of the atrophy did not 
seem to be arrested Since that report, further expenence has led us 
to take the position that, since other metliods of treatment (subdural 
or fever therapy) are more likely to be productive of good results, and 
since tryparsamide is potentially dangerous even to the normal eye, 
Its use in optic atrophy should be avoided unless other features of the 
indmdual case (the association of general paresis, for example) seem 
to render its use imperative, or unless the atrophy is already complete 
and the patient blind If the drug must be used m a patient who still 
retains some vision it should be done only under the most painstaking 
ophthalmologic control 

Cady and Alvis (1926) administered tryparsamide to 16 patients 
with optic atrophy Of these, three became blind, and in one instance 
this was apparently due to the drug, three others became definitely 
worse In two cases, there seemed to be definite improvement, and 
in 8, the degree of visual impairment remained unchanged No de- 
tails are given as to ophthalmologic findmgs, or as to the length of 
observation Although these results seem not dissimilar from those 
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of Woods and Moore, Cady and Alvas arnve at opposite conclusions 
While they recognize that patients with optic atrophy are more liable 
to injury by trj'parsamide than those with normal eyes, they feel 
that the generally unfavorable results of other forms of treatment 
j'ustify its use 


EEVER THERAPY IN OPTIC ATROPHY 

The successful introduction of the malana treatment of paresis by 
Wagner-Jauregg and his associates (1917) brought about, as with all 
new forms of treatment, its application to all other types of neurosj^hi- 
htic involvement Many other methods of artificially producing 
fever have also been tned, as for example, relapsing fever, rat-bite 
fever, foreign pro tern injections, hot baths and diathermy The 
favorable results of malana treatment m paresis are well known, the 
results obtainable from the other methods mentioned are also good, 
but in general not qmte as good as with malana In other types of 
neurosyphihs, however, and espeaally m tabes, the results of fever 
therapy have not been so stnkmg as in paresis 

In optic atrophy, fever therapy has also been tried, and reports are 
now begmmng to accumulate, especially from Germany As men- 
tioned above, Behr treated 6 patients with malana Five of these 
were already bhnd before treatment, m the sixth vision decreased 
within two or three days after the onset of malanal paroxysms from 
6/7 to 3/60 On the basis of these six cases Behr, with his usual 
pessimism, condemns the use of malana and falls back on what one 
can hardly fail to regard as his tdee fixe, that aU forms of treatment 
should be withheld 

Elschmg (1925) reports the results of malana treatment in 18 
patients with optic atrophy In five, visual acuity before treatment 
ranged between 6/36 and 6/8 in the better eye, one of these patients 
became worse dunng the malana, and in four, the process was arrested 
for 3, 3, 4, and 13 months, respectively Six patients had vision 
ranging from finger movements to 3/36 in the better eye before treat- 
ment , all of these progressed In 7, vision before treatment was limited 
to light perception, three of these became completely bhnd, and m 4 
there was no change dunng a short observation penod Elschmg 
concludes that malana therapy is advisable only in patients with 
early optic atrophy 
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rishcr-Aschcr (1926) reports on tlic status of these same patients 
(from Elschmg’s dime) at a slightly later date There i\ as no matenal 
change m the result in any patient 

Benng (1926) treated 6 patients with malana One early case was 
stationary about 2 years after treatment Two others, more ad- 
vanced, were also stationary about 18 montlis later Three were 
worse, but m two of these the rate of downhill progress before treat- 
ment had been very rapid, wlule after treatment it was markedly 
slowed 

Wagner-Jauregg (1927) has treated a number of patients (exact 
number not given) and states that a smalt number improved slightly, 
and that m a larger proportion, the process was apparently arrested 
over a period of 2-3 years, though downhill progress before treatment 
was more or less rapid In a still larger number of cases, the atrophy 
progressed after treatment, but Wagner-Jauregg thinks that the rate 
of Its progress was considerably slower than before He agrees with 
Behr that all other forms of treatment of optic atrophy (except fever 
therapy) arc hopeless, but believes that the results obtained from 
malana are sufficiently encouraging to warrant further extended 
tnal 

Two cases are bnefly mentioned by Fleischer (1927) One, treated 
with malana, was apparently arrested two >cars later, the same favor- 
able result, over a penod of several months only, was produced in the 
second by relapsing fever 

Schacherl (1927) has also treated a number of cases with malana 
and, although he provadcs no details, is unfavorable to tlie method 
because in some cases, rapid visual failure occurred dunng the course 
of the fever He has seen such cases in w hich, after mtcrruption of the 
malana, visual acuity did not return to the pre-treatment level, or if 
so, only very slowly 

Sabbadmi and Pisani (1928) treated 8 patients wath malana The 
degree of atrophic change ranged from slight to severe Within one 
to four weeks after completion of the malana, reexamination showed 
definite improvement m four cases (especially m the visual fields), 
slight improvement in three, and one patient with an associated 
ohonoretimtis was worse They feel that in view of the hopelessness 
of other methods of treatment, malana therapy should be tned m all 
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cases, especially early ones They recognize that the observation 
penod in their cases was too short to pemnt definite conclusions 

Winkler (1928), in treating three patients with malana, had an 
expenence similar to the discouraging one of Behr, in that in one case, 
vision fell off so rapidly and alarmingly after the fourth paroxysm that 
the malana had to be terminated This expenence, and the conflicting 
reports in the literature, lead Winkler to feel that another method of 
producing less mtense fever, used in combination with anti-syphilitic 
drugs, might be worth tiying He therefore devised a method of 
administering 0 2 to 0 3 cc of a 0 5 per cent suspension of sulphur in 
olive oil, at the same time giving an injection of bismuth This pro- 
cedure causes a nse in temperature to 100 to 101°F He treated 5 
patients with optic atrophy with this method (no further details 
given) and of these, 3 were stationary or slightly improved in 5, 8 and 
18 months respectively 

This paper is mildly interestmg in connection with a communication 
from Horn and Kauders (1928) These authors think that the cause 
of the sudden visual failure m patients with optic atrophy treated 
with malana may be the very high temperatures Inasmuch as they 
are of the school which holds that there is some other factor in malana 
therapy than temperature responsible for the favorable effect in 
neurosyphihs,they feel that there rmght be less danger and more prom- 
ise of a successful outcome in optic atrophy if malana could be in- 
duced and earned through 8 to 12 paroxysms without such high tem- 
perature peaks Accordingly they found that by giving 0 005 gm 
qmmne, on the two days foUowmg inoculation and the same dose 
daily after the paroxysms had begun, the temperature peaks could be 
held to 102°F or less without interrupting the course of the malana 
The qmmne is given dunng the penod of defervescence They 
treated 5 patients with optic atrophy by this method There were 
no bad results and in 2 cases there was slight improvement The 
post-treatment observation penod was, however, very short 

Later reports than these are less encouraging Havel (1929) treated 
16 patients He gives no details except that 9 became worse during 
or shortly after treatment, and in 7 there was no change after a short 
observation penod Wolff (1929) also treated 16 patients, and was 
unimpressed by the results obtained Meesman and Roggenbau 
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(1929) observed a nutnbeT of instances of optic atrophy in paretics 
treated \nth malana The resulU, so far as the optic atrophy nas 
concerned, a ere uniformly bad In two patients, \asion failed rapidlj 
dunng, and apparenth^ as a result of, malana O’Leaiy and Bruns- 
ting (1930) have treated 15 paUents, and saw no benefiaal effects = 
In all the progress of the atrophj a as progressiv elv doi-nhill In the 
6 cases reported b\ Jaensch (1930), the results a ere uniforml> bad 
Hessberg (1930) reports on 11 patients treated aath malana His 
results are capable of summanzmg in tabular form One patient 


TABLE ! 

IltssheT^s resjUs the r’aiarta treairreri cj optic atrophy 


CAST 

xmov aETort 

TinTWI-VT 

V1S1Q*S Aim TlIATVtKT 

Tttiao or 

OSSEtXATIOV 

smouiiy 

R 

L. 

R. 

I- 


H JI 

5/5 

H >f 

5/5 

3 vears 



s/4 

5/4 

2/35 

5/20 

5J >ears 




5/4 

3/50 

5/25 

2i vears 



5/10 

5/25 

5/5 


1 >ear 




5/50 

1/23 

4/36 

4 months 



H M 

H JI 

SI impr 

S! impT 

1 month 



8/50 

H VI 

H M 

H M 

6 months 

Worse 

8 

5/5 

5/3 

4/10 

4/7 

IJ vears 

Wor«e 

mm 

S/S 

1/100 

5/5 

No data 

jears 

Stalionaiy 

■9 

L P 

5/55 

L P 

L P 

4 >ears 

Worse 

m 

s/s 

5/12 

5/15 

5/20 

4 jears 

SI wor^c 


was unproved, two were stationary and 8 were worse, but the speed 
of progress of the atroph> seemed to be slowed up 

One or two investigators, among them Wurz (1927), Lederer (1928), 
and Hessberg (1930), have attempted the treatment of optic atrophy 

•In a personal commuucation (November 25, 1931) OXeary is less pessimistic, as 
follows Since we started the use of mabna in 1924, we hav e treated 26 patients with 
tabes do-salis compbeated b> optic atropbj In none of the«e cases was the vision un 
proved although in 9 there has been no appreciable decrease in vision since the fever 
treatment In 8 what vision the patients at the time of treatment has disappeared 
and thev are pracUcallj blind at this lime I hav e insufiiaent data on the rest but none 
of the group showed any improv ement whatsoev er One striking feature is the fact that 
all of the palientsin whom there has been an apparent arrest of the opUc atropb> were m 
the early stages of optic atrophy when the malana treatment was giv en ” 
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With fever producing injections of foreign protein with or without the 
administration of anti-syphilitic drugs Wurz reports 7 cases treated 
with tjrphoid vaccine intravenously He saw no deletenous effects 
from treatment One patient was blind before treatment, four could 
see only finger movements, and two had as much as 6/50 vision in the 
better eye Obviously, all had far advanced atrophy Of the 6 
with some vision before treatment, one was slightly improved, four 
were unchanged, and one worse after treatment The penod of 
observation is not stated 

Lederer reports the results of phlogetan treatment in five patients, 
summarized in table 9 Phlogetan is a propnetary German remedy. 


TABLE 9 

Lederer' s results tn ophe atrophy from non-spcctfic fever therapy 


CASE 
NITM- 1 

VISION BEFORE 
TREATMENT 

TREATMENT 1 

VISION AFTER 
TREATMENT 

DURATION OF 
OBSERVATION 

AUTHOR^S 

SUMMAR\ 


0 D 

0 s 


0 D 

■a 

1 

Blind 

0 7 

Sodium nucleinate, 
arsphenamine, 
phlogetan 

B 

0 7 

4 years 

Slight im- 
prove- 
ment 

2 

L P 

0 9 

Phlogetan Neosal- 
varsan 

Blind 

1 0 

3 years 

Arrest 

3 

H M 

0 7 

Phlogetan Neosal- 
varsan 

Blind 

0 9 

5 years 

Arrest 

1 

4 

Blind 

0 6 

Phlogetan 

i 

Blind 

0 5 

9 months 

j Slightly 
worse 

5 

1 

0 2 

0 3 

Phlogetan Malaria 

F M 

F M 

3| years 

Worse 


protein in nature The author emphasizes the fact that m his cases 
1,2, and 3, the optic atrophy was to all intents and purposes unilateral, 
vision m the better eye being normal or nearly so before treatment 
He points out that m these three cases, the good result obtained has 
persisted 3, 4 and 5 years respectively He feels that since unilateral 
optic atrophy, the better eye remaining immvolved, is so extremely 
rare m an untreated matenal (Uhthoff saw only 2 such instances 
among 300 patients), the preservation of vision m the better eye in 
his three patients can only be interpreted as a result of treatment 
This being so, such patients offer the most favorable prognosis 
Hessberg (1930) has used non-speafic fever therapy (with pyrifer. 
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another German propnctory product) in patients whose general 
physical condition precludes malaria He reports 5 cases, one of 
whom, with normal central visual acuity before treatment, has re- 
mained stationary for 5 rears Two others, with vision in the better 
eye 5/5 and 5/35, respectively, were unchanged one month after 
treatment Two others with \asion in the better eye 5/15 and hand 
movements respectively, became blind dunng treatment 
The results of vanous observers with malaria in optic atrophy are 
summarized in table 10, patients blind before treatment being chmi- 
nated As m the case of subdural therapy, the w ork of several investi- 


TABLE 10 

Summarv of rtstilfs obtatntd from ferer therapy 


Atrruo* 

TOTAL CASTS 

tUTKOVED 

STATIOSAKY 

wosss 

Bchr 

1 

1 


1 

Bering 



3 

3 

WinUer 




1 

Horn and Kiuders | 


2 

3 


Hessberg 


1 

2 

8 

Jacnsch 




6 

Sabbadini and Pisam 


7 


1 

Elscbnig 



8 

10 

Fleischer 



2 


Haxel 

16 


7 

9 

O’Leary and Brunstmg 

15 



15 

Total 

89 

10 

_ 25 _ 

54 

Per cent 

39 

61 


gators IS omitted from the table because of incomplete data Of the 
89 cases included, a favorable outcome was obtained in 35, or 39 per 
cent, while 61 per cent progressed m spite of treatment These 
results are not as good as those obtained from subdural treatment 
(54 per cent favorable outcome), and in addition, two factors im- 
portant to a companson of the two methods of treatment cannot be 
presented in tabular form In general, the patients who have done 
well after malaria have been observed for a much shorter subsequent 
penod of time than the similar group after subdural treatment In 
addition, there is general agreement that malana is much more likely 
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to precipitate sudden visual failure during its course than is the sub- 
dural method of treatment 

General considerations affecting the choice of a treatment method in 
optic atrophy The results just described from subdural or from fever 
therapy are an adequate answer to the question as to whether pa- 
tients with optic atrophy should be treated, or permitted to progress 
to bhndness imtreated Obviously, when the progress of visual 
failure can be arrested m 40 to 55 per cent of the cases, the responsi- 
bihty of the physician who withholds treatment is a heavy one The 
inadequate ophthalmologic data provided by most of the investigators 
in this field make it impossible to draw accurate conclusions as to the 
probable success or failure of any treatment method in a given case. 


TABLE 11 

The material of oartous nuesiigators shows better results tn early than tn advanced optic 

atrophy 


VISION IN THE BETTER EYE BEFORE TREATMENT 

TOTAL CASES 

AVERAGE 

RESULTS OP TREATMENT 

PERIOD OP 
OBSERVATION 

Improved or 
stationary 

Worse 

20/40-20/20 

Less than 20/40 but not worse than fin- 

17 

3 years 

10 

7 

ger movements 

11 

2f years 

4 

7 


except on the basis of the degree of visual failure present If one 
analyses the reports of Schacherl, Zimmermann, Lederer, and 
Hessberg, one arrives at the data shown in table 11 Here is con- 
firmed the a prion conclusion that the earlier treatment can be started, 
the better the result Of 17 patients in whom vision in the better eye 
was 20/40 or more, the process was arrested in 10, or 58 per cent, 
while among 11 patients in whom vision m the better eye was less than 
20/40, good results were obtained m only 4, or 36 per cent These 
figures combme the results of subdural and fever therapy 

Enough has been said to make it quite clear that it is useless to 
expect any result from routine anti-syphihtic treatment Bismuth, 
mercury, or the iodides wfil not impede the progress of nerve degenera- 
tion m the slightest. It is unwise to employ them as Stokes suggests, 
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as preparation for subsequent arsphenamme, in the effort to avoid a 
Jansch-Hcrvheimer reaction By doing so, valuable time ma> be 
lost, and further \asual failure which cannot be remedied ma> occur 
The various subdural methods of treatment described all involve the 
use of intravenous arsphenamme, and m a small number of cases, the 
first injection of this drug maj produce a Herxlieiraer reaction and 
rapid visual failure This usually occurs, as already pointed out, in 
patients wath far advanced and rapidly progressing atroph> In anj 
case, it IS a risk worth accepting, since without treatment blindness is 
certain in an> event 

From the purely ophthalmologic standpoint, one may summarize 
the situation as follows subdural treatment, probably best giv'en by 
the intraastemal route, offers something better than an even chance 
of arrest of the process provided vision in the better eye is 20/40 or 
more If it is less than this, the chance of preservation of useful 
vision IS considerably less, but the attempt is still worthwhile as long 
as any vision better than light perception persists There is only a 
small nsk that this form of treatment wall accelerate the visual failure 
hlalana, or other forms of fever therapy, had better be reserved as a 
last resort, to be used in patients whose vision has continued to fail 
under subdural treatment, or who, for one reason or another, cannot 
be given arsphenamme products Malaria is somewhat less likely 
to bnng about arrest of the process than subdural treatment, suflicient 
time has not yet elapsed to make it sure that the arrest produced by 
it IS as lasting as that following subdural treatment, it is much more 
likely suddenly to accelerate the rate of visual failure than the sub- 
dural method, and it carnes with it a distinct hazard to the life of the 
patient 

It must be borne m mind, however, that the choice of a treatment 
method often depends, not on the ophthalmologic status, but on the 
evidences of syphilitic involvement of other portions of the nervous 
system than the optic nerves, or of other parts of the body than the 
nervous system, or on the presence of complicating non-syphihtic 
diseases Each patient represents an individual problem, to be 
solved by the combined efforts of the ophthalmologist and the 
syphilologist 
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SUMMARY 

The unsettled problems of the syphihtic optic atrophies involve the 
chmcal differentiation of their vanous forms, their mcidence, early 
diagnosis, mechanism of development, pathology, and treatment 
About 90 per cent of the syphilitic optic atrophies are of the primary 
type, and syphilis outnumbers all other causes combmed m the 
etiology of primary optic atrophy. Apparently primary optic 
atrophy may occur in association with vanous types of neurosjrphihs, 
most commonly with tabes dorsalis It may be due to the pressure 
of sj^hditic inflammatory tissue upon and resulting nutntional dis- 
turbance in, the optic conduction pathways, as from orbital gumma or 
periostitis, or from basilar meningitis It may occur as an almost 
isolated phenomenon in neurosj^hilis, without associated clinical 
evidence either of tabes or of meningitis. 

It IS estimated that about 50,000 patients with syphilitic primary 
optic atrophy are constantly present in the United States 

The diagnosis of pnmary optic atrophy cannot be made with cer- 
tainty on the basis of pallor of the optic discs, which may not parallel 
the degree of visual improvement Alterations in the visual fields, 
and m the phenomenon of dark adaptation, both of which probably 
precede changes in the color of the disc, are more important elements 
in diagnosis Nothmg is as yet known as to the mcidence of these 
abnormalities in an unselected senes of patients with neurosyphilis, 
nor of their prognostic importance when their appearance precedes 
subjective symptoms of visual failure Since hope in the treatment 
of optic atrophy depends on early diagnosis, however, close coopera- 
tion between syphilologist and ophthalmologist, and the routine 
ophthalmologic study of every patient with neurosj^hihs, in order 
to arnve at a presumptive or definite early diagnosis before the 
development of visual failure, seems essential 

The course of untreated pnmary optic atrophy is so variable as to 
render unsafe any conclusions as to the beneficial effects of treatment 
in the individual patient The process is practically always bilateral, 
though one eye may be involved weeks or months before the other 
The average time from onset of symptoms to blindness is 2 to 3 years, 
with extremes rangmg from a few weeks to many years Spontaneous 
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temporary reiiussion may occur, but ultimate blindness in untreated 
patients is inevitable 

Many detailed studies of the pathology of optic atrophy have been 
made They have definitely established only one fact, namely, that 
the process begins in the marginal fibres of the optic nerve distal to 
the chiasm The degenerative process apparently bears no direct 
relationship to the presence or absence of evudative or inflammatory 
changes in the overlying or ncighbonng meninges or in the connective 
tissue septa of the nerve, or to the presence or absence of T pallida 
in or dose to the visual pathways Pathologic studies of early optic 
atrophy are difficult to obtain and are largely lacking Theories of 
tlie devdopment of pnmaiy' atrophy are discussed, none of which as 
yet offer a completely satisfactory explanation of its mechanism 

Attempts at the experimental production of syphilitic optic atrophy 
m laboratory animals have been imsuccessful 

The treatment of primary optic atrophy in the pre arsphenamine 
era was unsatisfactory' The introduction of the arsphenamines did 
not materially improve this situation Patients treated witli an in- 
travenous arsphenamine, bismuth, mercury, and the iodides in any 
combination and for any length of tunc appear to become blind about 
as rapidly as if nothing had been done Subdural treatment, with 
arsphenanunwed serum, neoarsphenamme or bichlonde of mercury 
dissolved in salt solution or spinal fluid, mercurialized serum, or air, 
injected intraspinally or intracistemally, has, however, been found 
to be of some value in the hands of many observers Vanous tech- 
niques of treatment are described In general, arrest of the atrophic 
process or even slight improvement may be accomplished in about 50 
per cent of patients with early optic atrophy by the prolonged 
application of this method of treatment Patients most suitable for 
treatment are those m whom the atrophic process is still unilateral, 
or in whom visual acuity in the better eye is not worse than 20/40 
The results obtainable from subdural treatment ate sufficiently 
encouraging to justify its more widespread and patient tnal That 
the method is not yet m more general use depends on many factors, 
perhaps the most important of which are that reports so far published 
are based on small numbers of patients followed for relatively short 
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periods of tune, and that most of them lack convincing ophthalmologic 
data 

Fever therapy, chiefly with malana, has also been found by some 
observers to be of value m arresting the progress of optic atrophy, 
though these favorable opinions are offset by the unsatisfactory ex- 
perience of others As yet, fever therapy is to be regarded as m the 
expenmental stage The percentage of favorable results obtained 
from its use is lower than from subdural treatment, and treated 
patients have been followed for madequately short periods of tune 
Malaria has been noted to precipitate sudden visual failure dunng 
its course, and is, moreover, attended with some nsk to life 
Tryparsamide is absolutely contraindicated in the treatment of the 
syphilitic optic atrophies 

The choice of a treatment method in the optic atrophies due to 
syphihs depends on a thorough general study of the patient The 
assoaation of other lesions of syphihs m the nervous system or in the 
body elsewhere than the nervous system, or of complicating diseases, 
will often be the detemunmg factors Each patient represents an 
individual problem calling for expert care and the closest cooperation 
between ophthalmologist and syphilologist 

REFERENCES 

Abadie, C H , Traitement de I’atrophie tabCtique des nerfs optiques, La Chn Ophth , 
15, 313, 1926 

Aelt, E , Behandelte und unbehandelte Falle von tabischer Sehnervenatrophie, Ztschr 
f artzl Fortbild , 19, 367, 1922 

BEhr, C , The Treatment of Tabetic Optic Atrophy, Am J Ophth , 33, 240 and 263, 
1916 

Bee[R, C , Ueber die Emahrung des Sehnerven m physiologischer Beziehung und als 
Ursache der Unheilbarkeit der tabischen Sehnervenatrophie, Kim Monatsbl 
f Augenhk , 59, 241, 1917 

Behr, C , Ueber Metalues des Auges, Ztschr f Augenhk , 60, 319, 1926 
Behr, C , Ueber die anatomische Grundlagen und uber die Behandlung der tabischen 
Sehnervenatrophie, Munch Med Woch , 73, 311 and 366, 1926 
Bering, Fr , Die Behandlung der Tabes mit Malana, Deut Med Woch , 52, 1611, 1926 
Cady, L D , and Anvis, B Y , The Use of Tryparsamide in Patients with and without 
Ocular Lesions, JAMA, 86, 184, 1926 

Chambers, S 0 , Review of Literature on Treatment of Syphilitic Eye Disease, Arch 
Ophth , 57, 412, 1928 

Dworjetz, M , Ueber die Berechtigung der Bezeichnungs “Atrophia Nervi Optici,” 
Khn Monatsbl f Augenhk , 80, 30, 1928 



THE SYPHILITIC OPTIC ATROPHIES 


317 


Elscomc, a , Thcnpic der tabi«^cn Schncncnatrophie, Kim Monatsbl f AugenH. , 
75, 773, 1925 

Fazakas, R , Ncucrc Gcsichtspunktc m dcr Bchandlung dcr Atrophia nervi optici tabe- 
tica mittcls cndolumbalcr imd suboLzipetalcrPncumokcphahe, Kim Monatsbl 
f AugcnhL, 83, 297, 1929 

Fischer \saiER, M , Luesbchandlung und labischc Sehncrvcnalrophic, Med Kbn , 
22, 1991, 1926 

Fischer Asoifr, M , Mirhnabehandlung dcr tabisdien Schncrvtnatrophie, Klin 
Monatsbl f Augcnhk , 76, 102, 1926 

Fleischer in discussion of Plaut, Zur Infcktionsbchandlung der Mctasyphilis, Zlschr 
f Augcnhk, 61. 355, 1929 

Ford\ce, J A , Results of Treatment in S>'phibs of the Nervous System, Bnt J Derm 
andSyph.36, 47, 1921 

Friedekvn AID, J, Pigmentary Degeneration of the Retina in Cerebrospinal Syphilis, 
Am J Opbth , 13. 943, 1930 

Focus, A , Liquor und Schncrven\criinderungcn bei $>11^115, Ber u d Vcrsamml Dcut 
sch Ophth Gescllsch , 43, 146, 1921 

FojrwARA, K , Ein Beitrag zur Kenntnis dcr pathologischen Anatomic des Sehnerven 
schwundcs bci Tabes Dorsalis und progrcssiver Paralyse, Arch f Ophth , 
115, 562, 1925 

GE^’^ERlar, W , Die Syphilis dcs Zcntralncrvcnsystcms, Julius Spnngcr, Berlin, 1921 

Gerstmakn, j , Die Malanabehandlung dcr Progressiven Paralyse, Julius Springer, 
Wien, 1925 

GirroRD, S R , akd Keegan, J J , Results with Intracisternal Injections in Luetic Optic 
Atrophy, Am J Ophth , 10, 323, 1927 

Gilbert, W , Bchandlung dcr labischcn Scbnervenatrophie und der Keratitis Paren* 
chyraato'i'i, Med Klin , 25, 235, 1929 

Greet, Zur Thcrapie dcr tabischcn Schncrvcnatropbie, Ber d Dcut Ophth Ges , 43, 
133, 1920 

Harman, N B , Discussion on the Etiology of Optic Atrophy, Bnt M J , 2, 1161, 1922 

Hassin, G B , Tabes Dorsalis, Pathology and Pathogenesis, Arch Neur and Ps>ch , 
21,311,1929 

Hauptmann, A , Ausbau raeiner Mctalues Thconc auf Grund neuerer Forschungser 
gcbmsscjZtschr f d ges Neur u Psych , 128, 107, 1930 

Ha\tl, j , Malanabehandlung dcr tabischcn Sehncrvemtrophie, Casopis Ifikaru iesk^ch, 
67, 1055, 1928, abstr mZentralbl f d ges Ophth , 20, 610, 1929 

Hawthorne C O , Discussion on the Etiology of Optic Atrophy, Bnt M J , 2, 1153, 
1922 

Head, H , and Fearnsides, E G , The Clinical A pects of Syphilis of the Central Nerv 
ous System in the Light of the Wassermana Reaction and Treatment with 
Neosalvarsan, Brain, 37, 1, 1914 

Hessberg, R , Weitcre Ergebnissc dcr Fiebcrbchandlung luctischer insbesondere tabischer 
Sehnervenerkrankung Monatsbl f Augenhk , 84, 261, 1930 

Horn, L , and Kocerer, H , Ueber die Ergebmsse der Nachuntersuchung der mit 
Luftcmblasung behandelten Tdlle von tabische Opticus Atrophie, Ztschr f 
Augenhk , 67, 207, 1929 

Horn, L , and Kauders, O , Erne neue Methode der abgeschwachten Malanabehandlung, 
Wien, Kim Woch , 41, 585, 1928 



318 


JOSEPH EAHLE MOOHE 


Igersheimee, J , Syphilis und Auge, Julius Springer, Berhn, 1918 
Igershehier, J , Ueber der Opticusprozess bei Tabes und Paralyse, Deut Med Woch , 
52, 943, 1926 

IGERSHEHEER, J , Syphilis und Auge, Ergebn, d allg Path u Path Anat , 21, 34, 1928 
Ingvar, S , On the Pathogenesis of the Argyll-Robertson Phenomenon, J H Hosp Bull , 
43, 363, 1928 

Jaensch, P a , Zur Therapie des Tabischen Sehnervenschwundes, Ztschr f Augenhk , 
71, 12, 1930 

Jahkel, F , Die Spirochaeten im Zentralnervensystem bei der Paralyse, Ztschr f d ges 
Neur u Psych 73, 310, 1921 

John, I , Ueber die Haiifigkeit der tabischen OptiLusatrophie und uber die bishengen 
Behandlungsmethoden, Ztschr f Augenhk , 69, 283, 1929 
Keedel, a , AND Moore, J E , The Treatment of Neurosyphihs by the Intraspmal Route, 
J H Hosp BuU , 31, 404, 1920 

Kemp, J E , Syphilis of the Orbit, Arch Derm and Syph , 8, 165, 1923 
LeCount, E R , AND Dewey, K , Syphihtic Leptomenmgitis, J Inf Dis , 16, 142, 
1915. 

Lederer, R , Em Versuch, den Verlauf des tabischen Sehnervenschwundes zu beem- 
flussen, Ztschr f Augenhk , 64, 50, 1928 

Levaditi, C , Sanchis-Bayarri, M J , and Schoen, R , Le Virus Syphihtique com- 
porte-t-il un cycle 6volutif dont le Treponema palhdum n’est qu’une des 
phases connues? Ann de I’Inst Past , 42, 475, 1928 
Lillie, W I , Syphihs of the Central Nervous System, observations from an Ophthalmo- 
logic Standpomt, J A M A , 83, 809, 1924 

Mattauschek, E , AND PiLCZ, A , Zweitc Mitteilung uber 4134 Katamnestisch verfolgte 
Falle von luetischer Infektion, Ztsch f d ges Neur u Psych , 15, 608, 1913 
Meesman and Roggenbah, Ergebnisse der kombmiert endolumbale, intramuskular- 
intravenosen und der Malanabehandlung der tabischen Opticusatrophie, Proc 
of Xni Int Cong of Ophth , Amsterdam, 1929, abstr m Zentralbl f d ges 
Ophth , 22, 812, 1930 

Moore, J E , Robinson, H M , and Keidel, A., Tryparsanude in the Treatment of 
SyphUis, J A M A , 82, 528, 1924 

Moore, J E , The Treatment of Central Nervous System Syphilis, J A M A , 89, 588, 
1927 

Noguchi, H , anti Moore, J. W , A Demonstration of Treponema Palhdum in the Brain 
in Cases of General Paralysis, J Exp Med , 17, 232, 1913 
Noguchi, H , Studien uber den Nachweis der Spirocheta pallida in Zentralnervensystem 
bei der progressiven Paralyse und bei Tabes dorsahs. Munch Med Woch , 
60, 737, 1913 

Nonne, M , Metalues des Sehorgans, Ztschr f Augenhk , 60, 335, 1926 
O’Leary, P , and Brunsting, L A , The Non-specific Treatment of Neurosyphilis, 
Fifth Annual Report, JAMA, 94, 452, 1930 
Pacheco e Silva, A C , anto Candido da Silva, Nachweis der Treponema pallidum 
im Sehnerv, Mem do hosp du Juquery, 3-4, 29, 1927, abstr in Zentralbl f d 
ges Ophth , 20, 850, 1929 

Pauch-Szanto, O , Beitrage zur Atiologie und Pathohistologie der tabischen Sehnerv en- 
atrophie. Arch f Augenhk ,82, 48, 1917 



THE S\PniLITIC OPTIC ATROPHIES 


319 


Pette, H , Wcitcrc Uinischc und pathologischc anatomischc Bcitrhgc zum Kapitcl dcr 
Fniblues dcs Zcntralncrvcnsjstcm, Ztschr f d gcs Near u Psych , 92, 346, 
1924 

Richter, H .ZutHwlogencsedcrTabcs, Ztschr f d gcs Ncur u Psych ,67, 1,1921 
Richter, H , Einigc Bemerkungen zur Pathogcnc«c dcr Tabes, Arch ‘ Psych , 72, 318, 
1924 

Rotter, R , Lrfahrungen mit dcr Salvarsan Eigcnscrumbcliandlung bci den syphilogenen 
Erkrankungen dcs Gchims und Ruckcnmirl cs, Arch f Psycli , 90, 824, 1930 
Sabdadini, D , AND I^SANi, D , Sullc modificnnoni dclle Icsioni oculan mctaluetischc con 
la malanolcrapn, Riv oto ncuro oftal , 4, 682, 1927, abstr in Arch Ncur 
and Psych , 20, 620, 1928 

Saleeb\, E , AND Grleddadm, S , Companlwe Biologic and Histologic Study ol Lymph 
Glands from Syphilitic Patients, J A M A,96, 98, 1931 
SciiAaiERL, M , Ergebnisse cndolumbalcr Salvarsanbchandlung bei tabischer Opticusat* 
rophic, Deut Ztschr f Ncrvcnhk ,77, 234, 1923 
SaiACHERL, M , riicrapic dcr organischca Ncrvenknnkhcitcn, Wicn, Julius Springer, 
1927 

ScniNDiXR, r , Ueber die Umischc Rcdculung dcr Dunkcladaptation, KUn Monatsbl 
f Augenhk , 68, 710, 1922 

SciiOEMiERG, M J , Intracranial Treatment of Syphilitic and Parasyphilitic Optic Nerve 
Affections, J A M A , 66, 2054, 1916 

Schoenberg, M J, Remarks on Diagnosis and Treatment of Luetic Involvement of 
the Optic Pathways, Arch Ophth , 49, 203, 1920 
Schwab, S I , and Cadv, L D , The Use of Tryparsamidc in Neurosyphihs, Am J 
Syph , 11, 1, 1927 

Soubero, j S , Optic Nerve Pallor vntliout Functional Disturbances in Luetics, Am J 
Ophth , 10, 837, 1927 

SpiEUtEYER, 4V , Die Trypmosomcnkrankhcitcn und ihrc Bczichungen zu den syphilo 
genen NcrvcnkranUicitcn, Gustav Fischer, Jena, 1908 
Spielhever ^V , Zur Palhogcncsc der Tabes, Ztschr f d ge«5 Neur u Psych , 84, 257, 
1923 

Spizuiever, W , Pathogencse dcr Tabes und Untcrschicde dcr Degenerationsvorgiinge 
impenphcren und zcnlralcn Nervensystem, Ztschr f d ges Ncur u Psych, 
91, 627, 1924 

Stargardt, Ueber die Ursachen des Schncrvcnschwundes bci der Tabes und der pro 
gressivcn Paralyse, Arch f Psych u Nervenkr ,51, 711, 1913 
Stern, R O , A Study of the Histopathology of Tabes Dorsalis vnth special reference to 
Richter’s Theory of its Pathogenesis, Brain, 52, 295, 1929 
Stores J H , and Shaiter, L W , Results Secured by Standard Methods of Treatment 
in Neurosyphihs, J A M A , 83, 1826, 1924 
Stokes, J H , and Shapter, L W , CUmcal 'Management and Respon e of the Tabetic 
Patient, J A M A , 85, 1271, 1925 

Stokes, J H The Principles of Syphilolherapy ns Applied to the Eye, Arch Ophth , 56, 
229, 1927 

Swift, H F , and Elus, A W M , The Direct Treatment of Syphilitic Disease of the 
Central Nervous System, N Y Med Jour 96, 52, 1912 
Swift, H F , Intraspinal Therapy in Syphilis of the Nervous System, J A M A , 65, 
209, 1915 



320 


JOSEPH EAIJXE MOORE 


Swift, H F , A Study of Serum Salvarsanized m Vitro, J Exp Med , 24, 373, 1916 

Traquair, H M , The Clinical Differentiation of the Various Forms of Optic Atrophy, 
Bnt M J , 2, 1157, 1922 

UsiLTON, L J , Prevalence of Venereal Disease m the United States, Ven Dis Inform , 
11, 543, 1930 

Vers£, M , Ueber das Vorkommen der Spirocheta pallida bei fruh- und spatzyphilitischen 
Erkrankungen des Zentral nervensystems. Munch Med Woch , 60, 2446, 
1913 

ViNER, N , AND McMdrtry, S O , The Arrest of Luetic Optic Atrophy by Cisternal In- 
jection of Mercury, Can Med Ass J , IS, 910, 1925 

VraneSic, G , Liquormechanik und endolumbale Behandlung mtrakrameller Prozesse, 
Arch f Psych , 90, 1, 1930 

Wagner-Jauregg, Ueber tabische Optikus atrophie und deren Behandlung, ,Ztschr f 
Augenhk , 61, 127, 1927 

Warthin, a S , AND Olsen, RE, The Granular Transformation of Spirocheta Pallida 
in Aortic Focal Lesions, Am J Syph , 14, 433, 1930 

WiLBRAND, H , AND Saenger, A , Neurologie des Auges, J F Bergmann, Wiesbaden, 5, 
518, 1913 

WiNRLER, L , Ueber Schwefeltherapie der optikus Atrophie, Wien Klin Woch , 41, 374, 
1928 

Wolff, J , Behandlung der Atrophia Nervi Optici durch Malanakuren und Pynfer- 
mjektionen, Proc of XIII Int Cong of Ophth Amsterdam 1929, abstr in 
Zentralbl f d ges Ophth , 22, 812, 1930 

Woods, A C , and Dunn, J R , Etiologic Study of a Series of Optic Neuropathies, 
JAM A,80, 1113, 1923 

Woods, A C , and Moore, J E , Visual Disturbances Produced by Tryparsamide, J A 
M A , 82, 2105, 1924 

Woods, A C , and Rowland, W M , An Etiologic Study of a Series of Optic Neurop- 
athies, J A M A , 97, 375, 1931 

WuRZ, J , Zur Therapie der tabischen Sehnervenatrophie mit T 3 q)husvakzine, Zweite 
Tagung der Tschecho-Slov Ophth Ges , Prag, 1927, abstr in Klin Monatsbl 
f Augenhk , 79, 127, 1927 

Zimmermann, E L , The Treatment of Tabetic Optic Atrophy, Arch Ophth , 54, 545, 
1925 

Zimmermann, E L , The Role of the Arsphenamines in the Production of Ocular Lesions, 
Arch Ophth , 57, 509, 1928 



EXPERmCNTAL EPIDEMIOLOGY’ 

LESLIE T WEBSTER, M D 

From the Laboratones of The Roclefeiler JnsMutefor Medical Research, Nov York 

Some intensive expenmental work in cpidemiologj' has been in prog- 
ress during the past tw clve years It was commenced at a time w hen 
the theories of communicability and microbic etiology of certain epi- 
demic diseases were widely accepted, w’hen the events of infection 
were descnbed in terms of microbic virulence, dosage, and host re- 
sistance, and when epidemic outbreaks were attributed for the most 
part to enhancement of virulence and their abatement to loss of viru- 
lence and to acquisition of specific resistance by the host Already 
these theories were being criticized In the first place, the discovery 
of “healthy” carriers indicated that disease and epidemics especially 
must be due to something more than mere exposure of host to virulent 
microorganisms Again the old ideas that the inherent resistance of 
the host, diet, climate, and season act to influence in some manner 
the spread of infection w'cre being reinforced by recent observations 
Most important, however, was the realization that the old established 
techniques of epidemiolog>% bacteriology, and immunology had failed 
to yield the data necessary to solve the remaining problems of epidem- 
iology The descnptive epidemiologist, for example, was submit- 
ting to mathematical analysis vital statistics containing gross un- 
controlled sources of error , the bacteriologist w as studying the problem 
of virulence in artificial infections and artificial media without de- 
termining whether his findings are especially related to the behavior of 
microorganisms in their native host , and the immunologist was gaming 
knowledge of the specific substances found in the blood of individuals 
who have been exposed to microorganisms without investigating 
thoroughly the extent to which these specific substances are related to 
the resistance of the host under natural conditions In short, expen- 
mental evidence was not forthcoming to answer the question of whether 
' Harvey Lecture, 1932 
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responded in like manner, and that titrations to measure virulence, 
dosage, and resistance carried out in duplicate and quadruplicate, and 
repeated at short intervals gave results varying less than 10 per cent 
(text-fig 1) 

To summarize, a technique has been evolved which is quantitative 
and yet reproduces the natural phenomena of infection, which permits 
critical observations on the questions of whether microbic and host 
factors account for all the mass phenomena of infectious disease, and 
if so, in what manner these vanahles function 

The data provided by the method of experimental epidemiology 
wiU be considered with reference to five major findings One is that 
aU the phenomena of infection studied thus far experimentally can be 
described completely in terms of nncrobic and host factors Another 
IS that microbic virulence, although potentially variable, is under 
natural conditions relatively stable A third is that microbic dosage 
varies with the amount and severity of infection, increasing prior to 
outbreaks and decreasing prior to subsidence of infection A fourth 
finding IS that breeds and individuals possess defimte and different 
amounts of non-specific inhented resistance to infection, that this 
resistance is affected by environmental factors, such as season and 
diet and may be supplemented by a specific immunity Finally, it 
developed that the amount of resistance present in individuals or 
populations at a given time determines largely the extent and seventy 
of disease These results will now be considered m detail 

Early experiments showed that natural infection could be estab- 
lished in a susceptible population by administering pure cultures of 
specific bactena to constituents or to immigrants Amoss, in 1922 
(3), fed mouse typhoid cultures to ten mice and placed them in two 
cages in the midst of 100 normal mice in twenty cages All were fed 
by the same attendant who went from cage to cage The specific 
infection proved fatal to eight of the ten and spread to the normal 
animals Later, four batches of mice were added and the infection 
extended to each group in turn In our laboratory in 1930 (4) Fried- 
lander pneumonia was established in four populations of mice by 
administering 500 baciUi intranasally to certain individuals In one 
experiment the entire group received the organisms and healthy im- 
migrants were added thereafter at the rate of two per day for three 



and a half jears In two furthtr Lxperinitnls three groups of 100 
mice each received 6 immigrant mice which had been given 500 Fned- 
laiidcr bacilli intrainsalle Healthe immigrants were added there- 
after for two and a half % ears and eight months res]iectiveh In each 
case the Fncdlander infection spread from the immigrants to the 
hcaltln population and became cstablishcel with endemic and epidemic 
phases identical with those of the spontaneous disease (text-fig 2) 
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EarU experiments likewise showed th it epidemics could be induced 
in populations under two sets of conditions First, b\ administering 
to each individual of prcxioush unexposed communities a certain 
dose of the specific organisms be way of the natural portal of entry, 
and second, bj adding susceptible immigrants to alreadj infected 
populations Epidemics of mouse te-phoid were incited in preeioush 
unexposed populations be administering three to fie'C million bacilli m 
broth intrastomachallj to batches of 20 to 100 mice The resulting 
mortality oe'er a sixt j dae' period in ae eraged tests w as characteristic 
and practically identical with that occurring during spontaneous 
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epidemics (text-fig 3) Epidemics of Fnedlander pneumonia were 
incited in previously unexposed populations by administering 500 
bacilli in broth intranasally to batches of 50 to 100 mice The re- 
sulting mortality over a thirty-day period was uniform m averaged 
tests and similar to that occurring during spontaneous epidemics 
(text-fig 4) In mfected populations, outbreaks of mouse typhoid 
were incited by adding batches of normal susceptible immigrants 
Following some suggestive observations of Topley m 1919 (1), Amoss 
assembled 100 healthy mice in twenty cages of 5 mice each and placed 
m their midst two additional cages of 5 mice each, which had been fed 
on a culture of mouse typhoid bacilli (5) Four weeks later forty 


Per cent 



Text-fig 3 Comparison of Mortalities in Spontaneous Epidemics (5) and 
Experimental Infection (6) B aertrycke Mouse Tfphoid 


additional cages, containing 5 mice each, were placed next the first 
batch Subsequently, sporadic infection occurred, fatal in three 
months to about 50 per cent of the population The survivors were 
recruited to their original numbers by replacements to maintain 5 
mice in each cage Within a few days an epidemic of mouse typhoid 
occurred, fatal to 70 per cent of the population in two months A 
second and a third replacement were made, followed by outbreaks of 
decreasing seventy These results were confirmed in 1925 by Green- 
wood and Topley (8), who showed that the repeated addition of nor- 
mal individuals to mouse populations infected with Pasteurella is 
followed by recurring epidemic waves Likewise, experiments at the 
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Rockefeller Institute m 1930 (4) show cd that if immigrants w ere added 
to one of three mouse populations infected with B fncdlanden, recur- 
rent epidemics of pneumonia ensued, while if at the same time and 
under identical conditions, immigrations were discontinued in the two 
remaining populations, no epidemics occurred and the infection died 
out 

Topley and Greenwood, in further observations on infected mouse 
populations (8), emphasized the close association between mortality 
and the number of susceptible immigrants Thev found that when 
mice were added to an infected community at a constant rate, the 


Percent 



Text nc 4 Com»ARisoN or MoaTVLrriES iv Spontaneous Eprocincs (4) and Experi- 
mental Ineection (7) B frtedlandcn Mouse Pneumonia 

Repnnted from J Exp Mtd , 1930, 52, 918 

mortalitv was propagated in regularly recurrent waves and suggested 
that the character of the waves was dependent upon the rate of addi- 
tion of immigrants We observed later that when four or more 
populations of mice infected wnth B frtedlandcn (4) were recruited at 
the rate of 2 imee per day, the pnmary epidemic waves of pneumonia 
occurred when the population had reached a certain level, lasted a 
definite number of days, and reduced the number of animals to a 
definite low level Moreover, when B cHlmhdir typhoid was spread- 
ing under identical conditions in uncomplicated form m these commu- 
nities (9), the mortality waves occurred with considerable regulanty 
at nine- to eleven day intervals It is plain that epidemics can be 
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incited m already infected herds by the addition of susceptible immi- 
grants m suitable numbers, and in unexposed populations by ad- 
ministering to each individual a certain dose of the specific orgamsms 

Early in these studies, Topley observed that, following epidemics of 
mouse typhoid, there are a certain number of survivors, and he stated 
that these survivors are both potentially infective and relatively im- 
mune (10) Evidence of the immunity of survivors was obtained 
later in our laboratory by actually comparing the resistance of sur- 
viving and non-exposed mice (11) Mouse typhoid organisms were 
administered by mouth to 100 individuals, sixty days later there were 
thirty-two survivors These, together with 20 normal unexposed 
mice, were then given a similar dose of bactena Sixty days later 
30 per cent of the survivor group had succumbed, as compared to 80 
per cent of the control group, showing that by actual test, survivors 
are more resistant than non-exposed animals 

The results thus far described demonstrate that various endemic and 
epidenuc phenomena of natural enteric and respiratory mfection can 
be ehcited expenmentally solely by bnngmg together susceptible 
hosts and pathogenic microorganisms, thus furnishing additional 
experimental evidence for the infection hypothesis brought forward 
by the Pasteur-Koch school fifty years ago Another accomphsh- 
ment of these expenments has been to afford an opportunity for ana- 
lyzing the microbic and host factors under natural, yet controlled, 
conditions, and of determimng whether virulence actually varies dunng 
epidemics and whether epidemics are brought to an end by the popula- 
tion acquiring a specific immunity 

The question of the virulence factor wiU first be considered The 
assumption that the virulence of a microorganism, its capacity to 
harm its native host, is a highly labile vanable is derived from the 
early observations of Davaine and Pasteur Supported by later 
bacteriologists, it has come to form the basis of modern epidemic 
theory The experimental epidemiologist, however, recognizing that 
it is derived from tests which are now regarded as inadequate, has 
interested himself in the virulence of bacteria under conditions as 
nearly natural as possible 

In one series of expenments, typical strains of orgamsms from 
infected animals were found to be of uniform virulence, whether re- 
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covered earty or late in the course of disease (12) Tor evample 
eadiof two cultures of mouse typhoid organisms were given intrastom- 
achally to 20 mice, one from the heart’s blood of an animal dying with 
acute septicemia five days after exposure to mouse typhoid, the other 
from the blood of a mouse with chronic septicemia, alive and appar- 
ently healthy five w eeks after exposure The acute septicaemic culture 
proved fatal to fourteen, the chronic septicemic culture to 12 mice 
Other tests showed that strains of mouse typhoid, Friedlander, and 
fowl cholera organisms from healthy carriers were in general of the 
same virulence as strains recovered from fatal cases Thus, each of 
three strains of acrlrydc mouse tj-phoid organisms was given by mouth 
to 20 mice, one a culture from an acute septicemic case, two others 
from stools of 2 mice surviving and healthy five weeks after exposure 
The mortalities w ere 70, 70, and 65 per cent, respectively (12) Tests 
with B ettknUdts mouse tj^ihoid gave similar results (9) Several 
strains of mouse Friedlander organisms w ere administered intranasally 
to batches of 50 or 100 mice in comparable doses (4) In one instance, 
a culture from the lung of a fatal case was compared with a culture 
obtained from the nasal passages of a healthy earner Each was gi\ en 
to 100 mice intranasally The resulting mortalities were 70 and 65 
per cent, respectively Tests were made with tlurty fowl cholera 
strains from fatal cases and forty strains from healthy earner fowl on 
several commercial farms (13) Each strain was administered into 
the nasal cleft of twenty specially bred young birds In general, 
strains from fatal cases proved to be of the same virulence as similar 
strains from healthy carriers 


Further expenments mdicated that strains of speofic organisms 
recovered from a given population at various endemic and ep demic 
penods of spontaneous infection were of uniform virulence. En-dem- 
ics of fowl cholera (13) and rabbit-snuffles pneumonia (14, 15), mouse 
typhoid (9) and mouse pneumonia (4) (text fig 5) were studid in tie 
Rockefeller Institute Laboratory, epidemics of guinea pg and rabbit 
Pasteurella and pneumococcus pneumonia b> iVen/eld a."d pkand 
(16), and epidemics of guinea pig typhoid bv Theobald Smith and 
Nelson (17) In no instance were significant Merence. m th- van. 
lence of pre-epidemic, epidemic, and post epidemic stmms dn'ecS' 

Still other tests showed that strains of tie same 
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difEerent populations may differ in virulence and in general that the 
strains with high initial killing potency possessed relatively little 
ability to persist in the tissues of survivors and vice versa This 

Ter 

cent 




Text-tig 5 Titrations of Virulence of Epidemic and Endemic Strains of 

B Jrtedlanden 

Strain 18 Gamer culture, healthy individual, mter-epidemic penod Strain 19 Lung 
culture, fatal case, epidemic period Strain 32 Lung culture, fatal case, epidemic penod 
Strain 33 Lung culture, fatal case, epidenuc penod Stram 34 Garner culture, healthy 
mdividual, post-epidemic period 


latter fact found illustration in experiments in which an epidemic or 
endemic strain of fowl cholera organisms was adimmstered intra- 
nasally to young chickens and permitted to spread to healthy contacts 
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(18) The tendency of the epidemic strain to kill but not to persist 
in survivors or spread to contacts, m contrast to tlie tendency of the 
endemic strain to persist and spread but not to kill, was consistent 
The same differences were demonstrable with epidemic and endemic 
strains of rabbit Pasteurella (19) 

The influence of bacterial dissociation on the prevalence of rabbit 
and fowl pasteurelloses, mouse B cnicnttdts and B fncdlandcn infec- 
tions has been studied In the case of rabbit pasteurellosis, virulent 
“S” strains of P kptscpltca were dissociated tn vtiro into “G” forms of 
low virulence (20) This was observed in liwo by giving rabbits 
virulent “S” strains mtranasally and taking cultures from the nasal 
passages of survivors (21) From a few individuals, “G” forms were 
recovered for short periods of time How ever, if rabbits of a popula- 
tion in which pasteurellosis was spreading spontaneously were cultured 
from the nasal passages, “G” forms were seldom, if ever, present 
Only the virulent forms spread from animal to animal (22) The 
organisms of fowl pasteurellosis behaved in a similar manner (13-18) 
Virulent strains of B frtcdldndcn associated with mou'c pneumonia 
were dissociated in vtiro into avirulent “G” forms (7) But dunng 
three years’ observation on the spread of the disease m eight mouse 
populations, “G” forms wore not found on earner or autopsy cultures 
If the “S” forms disappeared from a community, the infection likewise 
died out (4) Finally, virulent strains of B cnicrtltdts were disso- 
ciated tn vtiro by means of a highly potent bacteriophage associated 
with the spontaneous B enlcrilidts mouse typhoid infection (23) 
These “M” and “R” forms, however, neither persisted nor spread 
when administered per os to normal mice (24) And during four 
years’ experience with eight infected mouse populations in which the 
bacteriophage was present in many autopsy cultures, the dissociated 
forms were encountered in rare instances and insignificant numbers 
(9) The virulent forms were responsible for the spread of the disease 
from host to host It is concluded, therefore, that microbic disso- 
ciation phenomena played no part in determining the prevalence of 
infections thus far studied 

One further senes of tests may be mentioned bnefly — namely, 
those of the effect of animal passage on virulence Since the early 
days of bactenology, cultures have been transferred from ammal to 
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animal for the purpose of enhancing their virulence The tests have 
been made for the most part in some foreign animal host and by means 
of some artificial method, such as mtraperitoneal injection, and the 
results, although definite in a few instances, have usually proved 
equivocal Nevertheless, they have been invoked to support the 
idea that prior to an epidemic the virulence of the specific agent m- 
creases by means of passage from host to host The present tests 
were made under conditions as nearly natural as possible Mouse 
typhoid orgamsms from heart’s blood or intestinal contents of ani- 
mals in the acute stages of infection were given intrastomachally to 
batches of mice without intermediate cultivation on artificial media 
Such passages were made serially and repeatedly, and at intervals 
titrations were made of the comparative virulences of the passed and 
unpassed strains (25) Similar tests were made with Pasteurella 
cultures native to rabbits (26), and fowl cholera organisms native to 
chickens (27) In no instance was a significant increase in virulence 
demonstrable 

In summary, the effective virulence of a given strain of microor- 
ganisms, when analyzed under natural and controlled conditions, has 
proved to be a relatively stable property and in general inversely 
related to its ability to survive m the tissues of its natural host The 
virulence of strains of the same organism in the same community was 
uniform, while the virulence of strains from different communities was 
at times dissimilar 

The next epidemic factor to be analyzed was that of microbic dosage 
— the number of orgamsms available to the individual host or to the 
total population at a given time The findings may be summarized 
as follows Changes in dosage exerted a direct effect upon mortality, 
when virulence and resistance were constant As dosage was m- 
creased, there ensued a progressive increase m percentage mortality 
up to a point less than 100 per cent Further increase m dosage had 
no effect on mortality Thus, in a titration of mouse Fnedlander 
baciUi, each of eight doses of the organisms given mtranasaUy to 25 
mice resulted in mortalities of 32, 44, 56, 64, 88, 96, and 96 per cent, 
respectively (7) The second finding has been referred to before, 
namely, that by giving mice proper doses of typhoid or Friedlander 
organisms, it is possible to reproduce closely the events of explosive. 
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spontaneous epidemics (tc\l-fig 4) Finally, as will be pointed out 
m tests referred to later, during the actual spread of infection m popu- 
lations, dosage increased poor to epidemics and decreased prior to 
their decline bj a time interval which approximated that of the incu- 
bation penod of the infection (4-9) 

Host resistance, the third epidemic factor, was found to be made up 
of both non-specific and specific components The non specific com- 
ponent was present in certain definite amounts in breeds or races of 
animals For example, monthly tests of the resistance of an inbred 
strain of mice to mouse typhoid organisms were made from 1922 to 
1926 The results in terms of mortality were averaged each year and 
found to approximate each other within 2 or 3 per cent (te\t-fig 6) 
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Similar tests with other enteric infections and with respiratory ones, 
and tests with other strains of mice gave equally consistent results 
The non specific components of resistance w ere present in different 
amounts m different races or breeds Thus, a black Lathrop strain, 
pen inbred for twelve generations, proved on nineteen consecutiv'e 
monthly tests with B acrtrycle (28) and several consecutive tests with 
B enteriiidis mouse typhoid (9) to be more susceptible than the Rocke- 
feller Institute strain of mice Albino mice of Swnss strain, also highly 
inbred, and albino Rockefeller Institute mice were raised on four 
different diets In each case the Swiss mice proved more susceptible 
Repeated tests with white-faced (text-fig 7) and black and tan strains, 
brother and sister inbred, show'ed them to be more susceptible than 
the Rockefeller Institute line 
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The non-specific component of resistance was also proved to be 
present in different amounts m individuals of the same breed. Thus, 
when a controlled group of animals were all given the same, suitable 
dose of HgCl 2 , individuals showed markedly different types of re- 
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sponse, rangmg from death after the briefest interval to a completely 
refractory state (29) In the same way, when a group of animals 
previously unexposed were given a native mfection by the normal 
portal of entry, using the same dose of microorganisms, individuals 
showed markedly different types of response, ranging from death 
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after the briefest incubation period to a completely refractory state 
These differences i\cre more regular and predictable r\hen every 
precaution had been taken to insure uniformity of inheritance, en- 
vironmental conditions, and food In B acrtryckc mouse typhoid, 
for example, r\hen groups of mice were given bacilli intrastomachally, 
70 per cent died with positne blood cultures m a penod of five to 
sixty days, while 30 per cent survived Of these latter, about 20 
per cent were recovered cases, with or without positive agglutinins, 
while 10 per cent showed no evidence of infection (12) Again, when 
rabbits were given a similar dose of Pastcurella mtranasally, approxi- 
mately 28 per cent died of pneumonia, of acute interstitial, lobar, or 
chronic empyema ty'pes, 44 per cent showed merely local rhinitis or 
sinusitis, 13 per cent became healthy carriers, and 14 per cent re- 
mained uninfected (19, 30) Similar individual differences were 
manifest after the administration of fowl cholera organisms to chickens 
These findings have been confirmed by workers in Neufeld’s 
laboratory' in their studies of Fnedlander, Pastcurella, and pneu- 
mococcus infections of mice (31) In short, individuals submitted 
to precisely the same risk of infection, under identical conditions, 
with every known factor controlled, exhibit profound differences in 
response 

That these differences in the reaction of individuals are due to a 
non-specific resistance which is inherited was shown by the results of 
tests on survivors and by breeding experiments Mice surviving an 
intrastomachal instillation of mouse typhoid organisms proved more 
resistant to an instillation of mercury bichloride than unselected 
mice of the same strain (11) The progeny of mice surviving acrlrycke 
or eiilcntidis typhoid were more resistant to subsequent infection with 
mouse typhoid bacilli or to doses of mercury bichloride than normal, 
unselected mice of the same strain, and conversely, progeny of mice, 
succumbing early to typhoid, were more susceptible than unselected 
mice (32) A further study of the inheritance of different degrees of 
susceptibility is now in progress Five hundred female and 100 male 
mice of the Rockefeller Institute strain were mated, 1 male to 5 fe- 
males When the young were weaned, the 600 parents were given 
intrastomachally three million cntcnlidis mouse typhoid bacilli In 
cases in which both parents died within ten day s after infection and 
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in which, in contrast, both parents survived sixty days, the respective 
litters from susceptible and resistant parents were saved for further 
breeding Simultaneous tests of resistance have since been made on 
the progeny of six generations of the origmal susceptible and resistant 
groups together with an unselected control group The possibility 
of specific immunity developing from mfected animals was definitely 
ruled out by testing the population for carriers, by testing animals 
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found dead for mouse typhoid organisms, and by housing the progeny 
of susceptible and resistant lines together in the same cage for four 
weeks The stock has remained free from all infection Thus far, 
five hues of susceptible mice and six hnes of resistant mice have been 
selected The susceptible lines show approximately 95 per cent 
mortahty withm fifteen days after exposure (text-fig 8) , the control 
group shows 35 to 40 per cent, and the resistant hnes show approxi- 
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matcly 5 per cent mortality over the si\t> -day period of observation 
(te\t-fig 9) The same differences in resistance arc still manifest 
when the resistant mice arc given ten times the dose and the suscepti- 
ble mice tIv of the standard dose The crucial test of the resistance 
of these mice has been their response to exposure to spontaneous 
infection Cages were arranged to contain S unselccted mice given 
five million B cnlcrttidts by mouth, together with 5 normal mice from 
the susceptible lines and 5 from the resistant lines In each instance, 
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all or nearly all of the contact susceptible mice contracted the in- 
fection and died, while all or nearly all of the resistant imee survived 
and remained healthy Finally, it should be said that the resistant 
lines prove more refractory than the susceptible lines to fowl Pas- 
teurella and pneumococci instilled intranasally These results prove 
that of 500 mdividuals selected at random, some possess a greater and 
some a less amount of resistance which is transmitted quantitatively 
to their progeny 
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Non-Specific components of resistance, besides bemg inbented, 
are afiected by environmental factors such as season and diet Thus, 
each month over a period of years, batches of 50 to 100 mice have 
been given mouse typhoid or Fnedlander orgamsms with the result 
that mortahties, although irregular, have been definitely greater 
during the winter than the summer seasons (33) Agam, mice raised 
on various adequate diets differ markedly in resistance One diet 
containing bread and milk has sufficed to raise the Rockefeller Insti- 
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tute Stock for more than fifteen years The fertility, duration of life, 
weight, appearance, and general health of these animals are excellent 
and have become standard Another diet used by McCollum has 
proved adequate for his rodent stock, and a third, a modified Steen- 
bock ration, has likewise proved satisfactory And yet, rmce of the 
same strain, raised on the bread and milk diet, are far more suscep- 
tible to enteritidis and aerftycke mouse typhoid, botuhnus toxin, and 
mercurj’- bichloride poisoning than mice fed on McCollum or Steen- 
bock formulae No intensive efforts have been made thus far to 
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analyze these differences beyond demonstrating that butter fat a 
cod liver oil added to the bread and milk changed the “susccptib 
into a relatively “resistant” diet (34) Environmental factors, otl 
than those tested, such as exercise, fatigue, and exposure probal 
exert some influence on the resistance mcdianism of the host, but 
yet have not been submitted to adequate examination 

The known specific components of resistance appear to be acquit 
as a result of contact with the specihc agent Just how potent thi 
specific components maj be and how important epidemiologically 1 
not been determined Perhaps the most complete test of the 
questions has been reported by Topley and Greenwood (35) Anim; 
were vaccinated with killed cultures of B acrtryckc and exposed 
infection by being placed in an infected population The amount 
protection conferred was claimed to be significant only when a certt 
type of flagellar vaccine was employed, and then only when the ( 
posure was mild and of brief duration The protection was not 
permanent one, it was noted during a period of about ten to thir 
da>s after exposure 

In sum, the analyses of host resistance to infection have shown th 
individual animals exhibit definite amounts of non-specific inherit 
resistance to primary infection which take the form of a frequen 
distnbution characteristic of the breed or race Moreover, this i 
sistance may be added to or reduced bj such environmental influenc 
as season and diet, and may be supplemented bv specific immuni 
components acquired as a result of contact with the specific micro! 
agent 

The effect of the resistance factor on the spread of infection h 
proved to be important In tlie first place, it was demonstrati 
that the form of explosive epidemic curves, that is the time distnb 
tion of morbidity or mortality, is an expression of individual differenc 
in the resistance of population constituents to a fixed dose of organisr 
of known virulence As shown previously, when a number of mi 
are each given an equal number of bacteria of a single culture, or ex en 
like dose of HgCb, they succumb after varying penods which wh( 
plotted take the form of an epidemic curve similar to that of spont 
neously occurring epidemics (text-fig 3 and 4) In the case of tl 
expenmentally treated mice, individual differences in resistance a 
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Non-specific components of resistance, besides being inherited, 
are affected by environmental factors such as season and diet Thus, 
each month over a period of years, batches of 50 to 100 mice have 
been given mouse typhoid or Friedlander organisms with the result 
that mortahties, although irregular, have been definitely greater 
dunng the winter than the summer seasons (33) Agam, mice raised 
on various adequate diets differ markedly in resistance One diet 
containing bread and milk has sufficed to raise the Rockefeller Insti- 
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tute stock for more than fifteen years The fertility, duration of life, 
weight, appearance, and general health of these animals are excellent 
and have become standard Another diet used by McCollum has 
proved adequate for his rodent stock, and a third, a modified Steen- 
bock ration, has likewise proved satisfactory And yet, mice of the 
same strain, raised on the bread and milk diet, are far more suscep- 
tible to enteiihdts and aerttycke mouse typhoid, botulinus toxin, and 
mercury bichloride poisoning than mice fed on McCollum or Steen- 
bock formulae No intensive efforts have been made thus far to 





rXPLRIMENTAL EPlDEinOLOGY 


339 


amljzc these differences bcjond demonstrating that butter fat and 
cod liter oil added to the bread and milk changed the “susceptible” 
into a relatively “resistant” diet (34) Environmental factors, other 
than those tested, such as evcrcise, fatigue, and exposure probably 
exert some influence on the resistance mechanism of the host, but as 
jet have not been submitted to adequate examination 
The known specific components of resistance appear to be acquired 
as a result of contact with the specific agent Just how potent these 
spcafic components may be and how important epidemiologically has 
not been determined Perhaps the most complete test of these 
questions has been reported by Toplcy and Greeiiw ood (35) Animals 
were vaccinated with killed cultures of B acrlr\clc and exposed to 
infection b\ being placed in an infected population The amount of 
protection conferred was claimed to be significant only when a certain 
type of flagellar vaccine was employed, and then only wrhen the ex- 
posure was mild and of brief duration The protection was not a 
permanent one, it was noted during a period of about ten to thirty 
dajs after exposure 

In sum, the analyses of host resistance to infection have shown that 
individual animals exhibit definite amounts of non specific inherited 
resistance to primary infection which take the form of a frequency 
distribution characteristic of the breed or race Moreover, this re- 
sistance may be added to or reduced by such environmental influences 
as season and diet, and may be supplemented by specific immunity 
components acquired as a result of contact with the specific microbic 
agent 

The effect of the resistance factor on the spread of infection has 
proved to be important In the first place, it was demonstrated 
t at the form of explosive epidemic curves, that is the time distribu- 
lon of morbidity or mortahtx , is an expression of individual differences 
in t e resistance of population constituents to a fixed dose of organisms 
nown virulence As shown previously, when a number of mice 
'^d'^ P^en an equal number of bacteria of a single culture, or even a 
nlott ®sClj, they succumb after varying periods which when 
npni *i ^ form of an epidemic curve similar to that of sponta- 
cxnerim epidemics (text-fig 3 and 4) In the case of the 

en a y treated mice, individual differences in resistance are 
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the only variables which can account for the time distribution of 
mortality, and in the case of spontaneous epidemics the same is prob- 
ably true 

A second efEect of the resistance factor is to control to a great extent 
the prevalence of endemic infection This relation, together with 
that of virulence and dosage, m actually inciting epidemics has been 
determined most effectively m studies of experimentally controlled 
epidemics of fowl (18), rabbit (26), and mouse PasteureUa (36) and 
mouse Fnedlander (4) and entenkdts infections (9) These studies, 
in furnishing critical evidence on the questions at issue, may be re- 
garded as typical of experimental epidemiology The results with 
the mouse populations exemphf3rmg the findings as a whole will alone 
be considered 

Mice constituting a population were assembled in a single large 
cage and maintained on the routine diet of bread and milk Two 
normal mice with identification marks were added daily A census 
was taken each day and the animals found dead were removed, autop- 
sied, and cultured for the presence of the specific organism 

The first experiment made was designed to test the mode of spread 
of PasteureUa in communities previously unexposed to these organ- 
isms (36) Populations 1, 3, and 4 received rabbit strains, Population 
2 a fowl strain The three rabbit strains infected a few of the mice 
and died out at once, the fowl strain behaved m quite a different 
manner Eight of the 10 mice originally fed died within two weeks 
with PasteureUa septicaemia, after which no further deaths from this 
infection occurred for six weeks At that time, however, one of the 
immigrants succumbed Three weeks later, when the population 
numbered 61 individuals, an explosive epidemic of Pasteurellosis 
broke out, fatal to 77 per cent of the population in five days The 
epidemic then ceased abruptly and PasteureUa disappeared from the 
community The virulence of six strains obtained during the epidemic 
proved to be uniform and similar to that of the culture origmaUy in- 
troduced into the community 

The next experiments dealt with explosive and highly fatal epi- 
demics of Friedlander pneumonia which arose spontaneously in the 
mouse populations (4) In the communities to which daily immi- 
grations of 2 mice were continued, charactenstic secondary waves 
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ensued These waves appeared when the population number reached 
a certain level Thej lasted a relatively similar number of days and 
reduced the population to a similar low number Subsequently, 
endemic penods intcrv’cned, followed by the disappearance of the 
disease in the late winter During the nevt summer, epidemics broke 
out again similar in each population but more protracted than the 
previous ones Fewer secondary wav'cs ensued and the disease dis- 
appeared sooner The virulence of the Fricdlander organisms, as 
determined bj their ability to spread and incite typical epidemics in 
populations of previously unexposed mice, and by titrations of strains 
obtained during pre-epidemic, epidemic, post-cpidcmic, and mter- 
epidemic phases of the infection, proved to be constant The earner 
rate increased prior to epidemic outbreaks and decreased shortly 
before the time of peak mortality A substitution of relatively sus- 
ceptible for standard imnugrants in a given population was followed 
by an increase in severity and frequenej of the epidemics, while on the 
other hand, substitution of resistant for susceptible immigrants was 
follow ed by a decrease in the seventy of the infection 
The final expenments were made with cnicrtltdts mouse tj’phoid 
in the same mouse populations (9) The infection took the form of 
periods of low grade mortality, interspersed with epidemiform out- 
breaks The daily deaths in thconccasewerceitherrclativcly constant 
or rhythmic in nine day intervals, the sudden increases m mortality 
w'ere invariably associated with some definite environmental disturb- 
ance Cultures of the organisms taken from healthy earner or mice 
dead of typhoid during pre-epidemic, epidemic, or inter epidemic 
phases of infection w'ere of uniform pathogenicitj Furthermore, the 
bacterial dissociation and bacteriophage phenomena, although abund- 
antly present, seemed to pla> no part m determining the spread of 
infection The dosage of the organisms available to the population 
increased just prior to an increase in death rate and decreased in hke 
manner before a fall in death rate Most important were the expen- 
ments made to test the effect on the prevalence of infection of changing 
population resistance Increasing population resistance by substitut- 
ing an optimum for a barely adequate diet or by substituting relatively 
resistant for susceptible immigrants each day inaugurated periods of 
relatively low death rate, on the other hand, a depression of popula- 
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tion resistance by substituting tbe barely adequate diet for the opti- 
mum one, or susceptible for resistant immigrants, was followed by 
severe epidemic outbreaks 

This concludes the present findings m experimental epideimology 
It has been noted that various phenomena of population infection can 
be reproduced experimentally merely by the bringmg together of host 
and microbic factors under suitable conditions In these infections, 
spontaneous or experimentally induced, strains of microorganisms from 
different populations differed occasionally m virulence — the more 
virulent being the less vegetative — ^but the effective virulence of 
strains m any one community proved stable durmg the entire endermc 
and epidemic periods of observation The dosage and host resistance 
factors, on the contrarj'-, varied significantly with the amount and 
severity of infection Expressing these relationships m terms of 
cause and effect, it appears that the seventy of mfections m these 
animal populations was regulated by stable virulence and varying 
dosage and resistance factors In instances m which a foreign micro- 
organism gained access to a hitherto unexposed population, the in- 
herent virulence, the available dosage, and the amount and distnbu- 
tion of non-specific population resistance together determined the 
extent and seventy of the infection In instances m which a imcro- 
organism was already present m the population, vanations in popu- 
lation resistance and in available dosage were chiefly responsible for 
endeimc and epidemic prevalences Fluctuations m population 
resistance were brought about by immigration, season, and diet 
acting upon the non-specific components, and by the mfectmg agent 
stimulating the specific components of resistance Fluctuations in 
available dosage resulted from vanations m the host resistance and 
vector factors 

To what extent is this experimental knowledge consistent with the 
known facts of human epidemiology^ Bnefly, there is evidence that 
the factors related to microbe and host suffice to account for the usual 
mamfestations of cholera, typhoid, and the insect and animal-borne 
infections There are no data indicating that these factors do not 
suffice in other human infections Concerning the operation of these 
factors, there are grounds supporting the view that infections trans- 
mitted by vectors or contracted from foreign hosts, and infections 
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transmitted bj -natcr, milk, or food arc for the most part controlled 
by a fluctuating dosage factor operating on a population of fluctuating 
resistance These diseases, taken together and considered from the 
time-space vieivpomt, constitute the great majority of the total 
number Added to them are the parasitic and skin infections, the 
prevalence of ivhich appears likewise to be controlled by the host and 
dosage factors The remaining group, that of respiratory diseases 
transmitted by direct contact, relatively verj' small but frequent in 
temperate climates, and therefore of great interest, arc at present not 
as well understood One can only say that the available data do not 
contradict the view that their prevalence is controlled by fluctuations 
m the dosage of and resistance to specific agents of relatively fixed 
xnrulence 

Further knowledge of the spread of human infections is now' being 
sought by analyses similar to those utilized m experimental epidcrai- 
ologv Opic’s studies on the spread of tuberculosis in families (37), 
Paul's observations of families w’lth rheumatic disease (38), the work 
on the spread of upper respiratory tract pathogens among small groups 
of individuals (39), and detailed bacteriological, clinical, and sociolog- 
ical investigations of circumscribed communities, throw light on the 
manner and extent of dissemination of the specific agents and the 
relation of variations in dissemination, that is, in dosage, to variations 
m amount and severity of the infection in these communities They 
promise to make more clear the r61e of resistance m disease and the 
relative importance of its non-specific and specific factors 

To broaden the scope of experimental epidemiology the studies 
must be extended from the acute, highly fatal bacterial diseases of 
animals to the more chronic ones and to virus infections This last 
step IS already being taken (40) Knowledge of many types of infec- 
tion in many species of hosts will be required for the proper develop- 
ment of epidemiology as a science 
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FACTORS CONCERNED IN THE EVACUATION OF THE 
GALL BLADDER' * 

ANDREW C IVY 

yatkan Smith Dans Professor of Physiology and Pharmacology, Northwestern Umcersity 
Medical School, Chicago 

Of all the hollow viscera, the gall bladder has been the most baffling 
in regard to the mechanism of evacuation In fact, a few investigators 
(1-4) have expressed tlie view that under normal conditions, the gall 
bladder does not evacuate its contents through the cystic duct 
However, most physiologists since the time of Haller have taught that 
the pnmarj' function of the gall bladder is to deliver concentrated 
bile to the duodenum at the beginning of digestion 
Some of the difficulties which have been responsible for considerable 
disagreement in regard to the mechanisms concerned in the evacuation 
of the gall bladder are as follows (a) The gall bladder possesses but 
little smooth muscle when compared to such hollow viscera as the 
stomach, intestine, or urinary bladder, — a fact tliat has engendered 
considerable skepticism in regard to the contractile power of this 
organ (b) On direct mechanical or electrical stimulation, the gall 
bladder mamfests relatively little or no evidence of contractility when 
observed under the conditions present during the usual laboratory 
and operating room procedures (c) In order to obtain evidence on 
the contraction processes in the gall bladder, considerable care and 
attention must be given to the depth of the anesthesia, blood pressure 
level, operative trauma, state of digestion, and method of registration 
of movements, in addition, technical skill and expenence are reqmred 
m certain phases of such a study (d) Because the gall bladder 
normally absorbs certain of the biliary constituents, notably water, 
and other substances introduced into its lumen, and may m the course 

'The meaning of the term "evacuation of the gall bladder” is limited in this lecture to 
the exit of gall bladder contents via the c}stic duct 

’ Lecture delivered before the Harvey Society, New York, February 18, 1932 
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of time under certain abnormal conditions (obstruction of the cystic 
duct) absorb most, if not all of the biliary constituents, one must 
consider the possibihty that under normal conditions contents may 
leave the gall bladder only by being absorbed 

The contrackle power of the gall bladder Galen (5), m the second 
century, found from his dissections that the gall bladder is “sometunes 
very full, sometimes empty, and sometimes in an intermediate state,” 
and taught that the gall bladder fills and empties hke the other hollow 
viscera Haller (6) m 1755 taught on the basis of experimental evi- 
dence that the gaU bladder contracts, but not to the extent of the 
urinary bladder, a fact that has been denied and reafl&rmed by subse- 
quent observers Doyon (7) m 1893 made the first graphic records of 
gall-bladder contractions Smce then, such records have been ob- 
tained by every investigator who has used adequate methods 
Genmne contractions have been recorded from the gall bladder ^n 
situ m both anesthetized and unanesthetized animals, chiefly m the 
dog, and from “strips” of the gall-bladder waU 

The motility of the gall bladder (8-14) m the dog is of two types 
first, a tome contraction of the musculature which causes a prolonged 
increase m intra-gall-bladder pressure lasting from five to thirty 
minutes or more, and second, a tonus rhythm in which the gall bladder 
contracts and relaxes at a rate of from two to six times per minute 
In each t3q)e the musculature as a whole or a portion of it maycontract 
With careful techmque, a spontaneous tonus rhythm may be observed 
in 60 per cent of dogs or even m gall-bladder “stnps ” The tonic 
contraction may lead to a maximum rise in intra-gall-bladder pressure 
of from 20 to 30 cm of bile with the cystic duct obstructed (5 to 7 cc 
of bile being displaced from the gaU bladder into pressure recording 
tubes) The changes in pressure produced by the tonus rhythm vary 
from 0 1 to 3 0 cm of bile At the height of the tome contraction, the 
tonus rhjdhm usually disappears, and then reappears durmg the 
relaxation phase of the tonic contraction A sub-threshold stimulus 
for a tonic contraction may augment the rate and amphtude of the 
tonus rhythm without causing a general increase m tone A mild 
distension of the gall bladder may result m shght tonic contraction 
Prolonged rrnld distention usually causes a compensatory relaxation 
Ravdm (15) has recently observed rhythmic contractions of the gall 
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bladder of man «« sttn and m "stnps” from the human gall bladder 
Some contnctilitj of the gall bladder has been observed in every 
animal studied 

Does the gall bladder evacuate? It is established and generally 
agreed that the gall bladder contracts, but opinion has not been unani- 
mous as to whether the musculature prevents distention, faahtates 
absorption, or causes the expulsion of bile I suspect that it performs 
all three functions, since the smooth muscle of the intestine performs 
the same general functions However, before answering the question 
as to whether the gall bladder evacuates through a contraction of its 
musculature, it must be shown that it cxaciiatcs its contents through 
the cystic duct under normal conditions 

Much indirect evidence (16) was reported during the penod from 
18S5, when Hcidenham did his work on the secretion of bile, to 1924, 
when Graham and Cole visuahaed tlic gall bladder, which indicated 
that the gall bladder was the source of the dark, viscous bile that 
flowed from the common bile duct after certain procedures During 
the latter part of this penod, the stimulating idea of Mcltzer (17) of 
the reaprocal relation of the gall bladder and the sphincter of the 
common duct was recorded On this idea were based the provocative 


observations on "non-surgical drauiage of the gall bladder” of Lyon 
(18) Much credit is due to Mcltzer and Lyon for re awal cmng the 
mterest of the medical world in regard to gall-bladder physiology 


Probabl) the most direct attacks on the problem during this penod 
were those of duster and Crohn (19), Wfnkclstein (20) and others (21, 
S3a) who placed substances m thegall bladder to determine their timeand 
mode of 4plusion The discov eiy that the gall bladder can be visual- 
ized by tetraiodophcnolphthalcm bv Graham and Cole (22) in 1924, 
tnve us a new method for the study of gall-bladder physiology m 
** 1 a ru-in ybc discovery' of Boy den (23) that egg yolk will 

animals and man rut . - ' ' -k 

cause b.le to disappear from the gall bladder of the cat, and by Sosman, 
iirL , (24) that most fats hay e a marked effect on the 

mtaker and ^„,ecystographic shadow m man provided 

itopp^rance , with an important and a potent excitant 
physiolo^sU an Shortly after these discoyenes, MTutaker 

of ^-bladder j gaff bladder ffUed with iodized off is evacu- 

( 20 ) showed tn administration of fatty 

ated through the cy»u j 
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substances, McMaster and Elman (26) by the method of “altercursive 
intubation” demonstrated the expulsion of a portion of the gall-bladder 
contents by contraction of the viscus after feeding, and Higgins and 
Mann (27) under direct vision observed the gall bladder of gmnea pigs 
and dogs to contract and evacuate through the cystic duct, a fact that 
has been confirmed for the gmnea pig by Burget and Brocklehurst 
(28) and for the dog by Lueth, Ivy and Elloster (14), and by Ivy, 
Sacks and Drewyer (29) who have made moving pictures of the 
phenomenon So from direct evidence, it is established that the gaU 
bladder of the cat, dog and gmnea pig dunng contraction may evacu- 
ate its contents through the cystic duct 
Evidence has been obtained by Halpert and Hanke (30) m the 
rabbit which indicates that the rabbit’s gall bladder does not evacuate 
through the cystic duct, although using the same method they found 
that the dog’s gall bladder evacuates completely (31) each day via 
the cystic duct We have been inclined to agree with their observa- 
tions on rabbits, because on using the ordinary tambour and manom- 
eter technique, we have not been able to obtain definite contractions 
of the gall bladder of the rabbit (14) However, Dr Walsh and I 
(32) have demonstrated recently by direct observation and photog- 
raphy of the gall bladder and by chemical analysis of the duodenal 
contents that the gall bladder of the rabbit may evacuate under the 
stimulation of “cholecystokimn,” from 60 to 80 per cent emptying 
bemg obtamed The contractions were pseudo-peristaltic in nature, 
usually startmg at the neck as Higgins (33) described in the buUhead 
(fish), although the contractions might start at both ends and meet 
in the middle or start in the rmddle and move towards both ends 
Evacuation occurs either with an intact common-duct sphincter or 
with the common duct cannulated and the hepatic ducts tied We 
could not obtain rapid evacuation of iodized oil m the rabbit, the 
shadow disappeared gradually but not completely throughout an 
observation penod of five days We did observe marked changes m 
contour of the gaU bladder analogous to those observed under direct 
vision and photography. Evidently the iodized oil was too viscous 
to be evacuated by the relatively feeble contractions of the rabbit’s 
gallbladder Babkin and Webster (33a) have observed evacuation 
of the rabbit’s gall bladder after egg yolk and cream were given by 
stomach tube 



;quivocal evidence that the gall bladder of man may evacuate 
e cystic duct is also available I his evidence is of three kinds, 
al, chemical and roentgenological 

ir surgeons have reported that the\ have seen the gall bladder 
1 on duodenal stimulation in patients ivith the abdomen open 
(34) of Nebraska reported one case with the abdomen open in 
a distended gall bladder started to collapse five minutes after 
mg magnesium sulphate (SO cc , 33 per cent) into the duodenum 
(parent contraction was not seen Pribram (35) of Austria re- 
1 a case m which the gall bladder emptied after instillation of a 
ae solution (20 cc , 10 per cent), active contraction being ob- 
i Matsuo (36) of Japan exposed the gall bladder under panta- 
lopolamine and local anesthesia m two patients In one case 
stillation of magnesium sulphate into the duodenum was effective 
■cuating three-fourths of the gall bladder contents within thirty- 
imutes Then the vesicle avas partially filled wath azorubin S, 
which magnesium sulphate was again instilled and the dye 
led from the duodenal drainage The gall bladder was seen to 
let The dye test w as repeated on the second case wath the same 
s except that the gall bladder was not seen to contract Trom- 
nd Hempel (37) have reported five cases in which India ink was 
1 m the gall bladder at operation and then obtained from the 
inal drainage after instilling 60 per cent glucose into the duodenum 
did not look for evidence of contraction 

emical evidence bearing on the question of whether the human 
ladder evacuates has been obtained by analjsmg the duodenal 
nts for iodine, bile pigment, and cholesterol before and after the 
ation of magnesium sulphate, N/20 HCl, and oleic acid solutions 
the duodenum In the experiments in which an analysis for 
: concentration was made, the gall bladder was previously 
lized with tetraiodophenolphthalem In such expenments per- 
(d by Lake (38) and by Lyon (18), the results indicate that 
all bladder evacuated a considerable portion of its high lodine- 
ining bile Mann and Higgins (27) obtained similar results in 
og However, Sweet (1) has interpreted these results as mdicat- 
le duodenal stimulation caused the iodine to be absorbed rapidly 
le gall bladder mucosa and then re excreted by the liver from 
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whence it passed into the duodenum Such a view is hardly tenable 
on the basis of the rapid change in the gall-bladder shadow that so 
frequently occurs after the ingestion of egg yolk and fat, and in view 
of the slow rate of absorption of tetraiodophenolphthalein by the gall 
bladder as observed in the expenments of Sweet (1) (39a) and Johnson 
(39), and in view of the fact that some normal subjects show very 
little change in the gall-bladder shadow on starvation or on eating 
several carbohydrate meals within twenty-four hours (24) (49) (41) 
Of course, it is possible that duodenal stimulation with fat increases 
the rate of gall-bladder absorption, but Johnson (39) reports that a 
fat meal does not increase the rate of absorption of the dye 
Adlersberg and Taubenhaus (42), using the Meltzer-Lyon method, 
have reported a three to ten-fold increase m bilirubin concentration of 
the duodenal contents after the instillation of magnesium sulphate 
This has been confirmed by Jones and Walsh (43) in my laboratory 
for normal subj'ects, they found cholesterol also to be present in some 
samples of duodenal contents in the concentration in which it is present 
in gall-bladder bile, and smce absorption by the “normal epithelium” 
of the bile ducts does not occur according to all available evidence, 
the only known source of such bile is the gall bladder 

The cholecystographic evidence that the human gall bladder evacu- 
ates IS now conclusive (23) (44) Much cholecystographic evidence has 
been obtained by Boyden and others (41) (24) (45) from human sub- 
jects showing marked changes in the contour and size of the gall 
bladder within ten or fifteen minutes (against gravity, subject stand- 
ing) after the application of vanous procedures which are known to 
cause the gall bladder of animals to contract and evacuate In order 
to accoimt for some of these changes on the basis of the absorption of 
dye, absorption would have to occur in the gall bladder more rapidly 
than it occurs in a loop of intestine of equal size The most striking 
evidence, however, is that by using the proper radiographic technique, 
the cystic and common bile ducts become visualized after giving a 
fat meal to subjects with a normal cholecystogram Boyden (44) and 
Pendergrass (46) have made such observations I have seen numer- 
ous such films as shown in figures 1, A, B, and C, in the department of 
Dr. James T Case, who states that either the cystic duct, common 
duct, or a portion of the hepatic duct, or all, become visible after the 
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fat meal in about 10 per cent of patients with a normal cholecystogram 
The ducts may become visible within 15 or 20 minutes after egg yolk 
Such roentgenograms cannot be explained on the basis of absorption 
of the dye from the gall bladder and re-excretion by the liver If so, 
the hepatic ducts should be as visible as the common and cystic ducts 
and in those cases m which the hepatic ducts become visible after the 
ingestion of egg yolk and cream, there should not be a clear cut line 
of demarcation between visibility and invisibility, as is seen in figure 
1, C 2 This and the foregoing evidence conclusively demonstrate that 
the gall bladder of man evacuates under normal conditions via the 
cystic duct 

Since the gall bladder of the cat, dog and man while contracting may 
evacuate via the cystic duct, the obvious deduction is that its muscula- 
ture plays an important role in the evacuation process The pressure 
exerted on the contents of the gall bladder dunng a maximal contrac- 
tion has not been measured in man, in the dog a maximal pressure of 
from 20 to 30 cm of bile is exerted, — a pressure that is not to be 
considered as trivial However, before one can be assured of the 
sufficiency of the above deduction, one must consider (a) the mecha- 
nisms concerned in the activation of the gall bladder musculature, and 
(b) the possibility that evacuation through the cystic duct may be 
due m part to other factors than contraction of the gall-bladder 
musculature 

Mechamsms concerned tn gall-bladder contraction The following 
causal mechanisms for gall-bladder contraction have been suggested 
(1) local stimulation by distention or by “pungent” bile, (2) nervous 
reflex stimulation from vanous portions of the gastro-mtestinal tract, 
(3) long nervous reflexes from the higher brain centers and, (4) humoral 
agents, including the hormone, cholecystokinm As is true for other 
hollow viscera, all may be concerned 

Local stinmlahon It is interesting that Galen (5) states, ^‘For 
since it was shown that the gall bladder attracts its own special juice 
so as to be often found full, and that it discharges it soon after, this 
desire to discharge must be either due to the fact that it is burdened 
by the quantity or that bile has changed in quality to pungent and 
acrid ” No direct experiments have been done on the possibility that 
the gall bladder may be caused to discharge its contents in response 
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to an adequate tension stimulus or imtation of the mucosa by the 
contents The facts that the gall-bladder wall contains ganglia, that 
spontaneous contraction or evacuation has been observed, that disten- 
tion of the isolated viscus a\i 11 cause a slight contraction, and that a 
certain optimum distenticn and pressure arc required for a maximum 
response to a stimulus, indicate that local stimulation of the gall- 
bladder wall may be a factor I should be surprised if this were not 
true There is indirect evidence to the contrary, however This 
topic deserves further investigation 

Nenotis reflex sttmulahon from various portions of the gastro-inteslmal 
tract Since the vanous portions of the gastro intestinal tract may 
be reflexly inhibited or excited by stimulation of distant parts, the 
same might be eiqiected to be true of the gall bladder Boj den and 
Birch (47) have obtained evidence showing that electrical excitation 
of the pjloric antrum frequently induces a slight contraction, and 
that the electneal excitation of the intestine and particularly the 
cecum induces relaxation of the gall bladder That the gall bladder 
may be inhibited reflexly is of obvious clinical significance But there 
are no good expenmental or clinical data beanng on the problem of 
a relation between gall bladder emptying and enteritis, colitis or 
constipation 

Meltzer’s theory (17) that a reciprocal innervation exists between 
the gall bladder and the common duct sphincter is sound physiologic 
philosophy According to this theory gall-bladder contraction 
reflexly causes relaxation of the sphincter — not the reverse In spite 
of the fact that there is much evidence pro and con, the evidence most 
free from technical objections (48) (49) shows that when the gall 
bladder contracts forcibly, the resistance to the flow of bile into the 
duodenum decreases How ever, it is known that the gall bladder may 
contract against a contracted “sphincter” (13) (23) There is no 
crucial evidence at hand proving the theory One is not surprised 
at the disagreement m the literature in view of the multiphaty of 
factors, the slight pressure changes observed, and the vanation in 
response of the sphincter and gall bladder from time to time in the 
same animal There is even disagreement in regard to the reciprocal 
relation of the stomach to its sphincters, which is best explained by 
the observations of Carlson and Litt (SO) that the muscular response 
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obtained frequently depends on the physiological state of the neuro- 
muscular mechanism at the time the stimulus is applied That the 
mechanism of reciprocal innervation is not essential for gall-bladder 
evacuation is shown by much crucial evidence to be cited later 

Long neroous refl-exes jrom higher Irani centers Although a number 
of investigators (7) (8) (9) (12) have obtamed motor effects in the 
gall bladder on excitation of the vagi and splanchnic nerves, none has 
claimed that the changes are marked Appreaable empt3nng has not 
been obtained by vagal stimulation m unanesthetized dogs (25) (40) 
Some (26) (49) (52) have observed what nught be termed a “psychic” 
contraction of the gall bladder with the expulsion of from 1 to 3 cc 
of bile on the sight or taste of food or the aroma of bacon Some report 
failures (51) (53) (40) Crandall (40) has shown that “sham feedmg” 
of egg yolk and meat for from one-half to one hour in the dog, the gas- 
tric jmce being removed, does not cause an apparent change in the 
size and density of the gall bladder visuahzed with tetraiodophenol- 
phthalein This does not mean that a “psychic” contraction of the 
gall bladder does not occur, especially in view of the well known quanti- 
tative vanation of “psychic” secretion of gastnc juice in man and dog 
The disagreement only mdicates that the response is shght and 
variable 

Humoral agents Two different tjrpes of humoral agents (54) are 
known to be concerned in causmg gastnc secretion secretagogues, 
which are present in food or anse from the digestion of food and act 
both locally and by being absorbed mto the blood, and a hormone, 
histamme-like in nature, which has a specific effect on the gastnc 
glands By analogy, it is possible that the gall bladder may be 
caused to contract following the ingestion of a fatty or protein meal, 
either by the absorbed fatty substances, or by a hormone produced 
by the action of fatty substances or acid chyme on the gastro-intestmal 
mucosa 

This possibility occurred to a number of investigators at about the 
same time, particularly Boyden (23), Whitaker (25), Gopher and 
Ilhngworth (55) and others (11), because Whitaker had obtamed 
contraction and evacuation of the “denervated” gall bladder and 
McMaster and Elman had made a similar observation with the cystic 
duct cut and mtubated Boyden tried blood transfusion with sugges- 
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live results Whitaker, and Gopher and Dhngworth and others (20) 
(11) tned “secretin” with negative results, Braga and Campos (64) 
and Brugsch and Horsters (65) obtained positive results \\Tiitaker 
injected emulsified olive oil intravenously i\ith positive results, but 
since emulsified liquid petrolatum (56) produced the same effect, he 
questioned the physiologic nature of tlie response Higgins and 
Wilhelmj (57) obtained no evacuation on injecting vanous emulsified 
fats intravenously, and Silverman and Dennis (58) observed evacua- 
tion m man uithout a significant change in blood fat We have found 
that egg yolk intravenously does not cause gall-bladder contraction 
Emulsified olive oil causes an increase in gall-bladder pressure which 
IS an artifact due to marked splanchnic congestion Chyle has 
been injected uath negative results, and Boyden has obtained evac- 
uation after a fat meal unth the thoraac duct tied near the cysterna 
Hence, post-absorptive circulating fatty substances appear not to 
be responsible for gall-bladder contraction and evacuation 

Bonnoiie mcchamsm In 1926, being impressed by the observations 
just mentioned, Dysart and I were successful m transplanting the gall 
bladder into the omentum, but could not obtain a contraction from 
the transplant, probably because it was imbedded in an omental mass 

At that time wc were engaged in an attempt to isolate the hormone 
“secretin” for the purpose of perfecting a human pancreatic function 
test It occurred to me that since fats are potent excitants of pan- 
creatic secretion and since bile and pancreatic juice play such an 
important role m fat digestion, the hormone “secretin” might cause 
the gall bladder to contract Having a number of different “secretin 
preparations” on hand. Dr Oldberg and I undertook to assay them 
on the gall bladder of the cat, and found that some of them caused the 
vesicle to contract This was duplicated on the dog, on which animal 
most of our work has been done 

The method used for recording changes m gall-bladder pressure is 
one well known to physiologists and is shown in figure 2 By can- 
nulatmg the cystic duct aseptically under ether anesthesia and then 
permitting the animal to recover, changes m gall-bladder pressure 
were followed on unanesthetized animals It was found that solutions 
containing as little solid matenal as 3 mgm , on intravenous injection 
would cause from 1 0 to 11 5 cm nse in intra-gall-bladder pressure 
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wMch persisted from ten minutes to one hour. A series of injections 
would cause a step-like nse in pressure amounting finally to from 20 
to 30 cm of bile, a pressure which is obtained in the dog after feeding 
egg yolk or fat (26) (27) Recently we have obtained definite re- 
sponses with as little as 0 2 mgm of sohd matenal, and shght changes 
with as httle as 0 06 mgm Though we have injected many drugs 



Fig 2 This figure shows the apparatus and method used for recordmg gall-bladder 
contractions The clamp on the cystic duct frequently occluded the cystic artery and 
some of the lymphatics Edema of the gall bladder did not occur As a rule better 
contractions following cholecystokinm were obtained when it was not necessary to occlude 
the cystic artery (Reprinted by permission of the Detroit Proceedings of the Inter State 
Post Graduate Medical Association of North America, October 21-25, 1929 


and chemical substances, a response similar to that obtained with the 
highly “punfied” acid extracts of upper intestinal mucosa has not 
been observed Acetyl chohne (23) (59) and pilocarpine cause a gall- 
bladder contraction, but these substances affect blood pressure and 
are antagonized by atropine Relatively large doses of adrenalin 
intravenously, but not subcutaneously (23), may cause some contrac- 
tion (41) The active principle of extracts of upper intestinal mucosa 
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IS the most potent intravenous excitant of gall-bladder contraction 
known at present 

It has been show n that the rise m mtr i-gall-bladder pressure caused 
by cholec) stokinm is not due to extraneous factors such as increase 
m liver volume (fig 5), diaphragmatic changes, ind gastric or intesti- 
nal motiblx (H) Ihc gall bladder of the dog and rabbit has been 
seen be direct vision and photographx to contract and evacuate after 
an injection 

A large dose of atropine (2-10 mgm ) decreases, but does not abolish 
the response Trgot imine (1 S mgm ) which per se causes a slight 
contraction of the gall bladder, docs not decrease, but tends to in- 



I ic t I his tracing shows lhat the nst in call liUdiicr pressure is not due to a thanec 
In liter \olume Chultctstokiiiin his no dcteclibk elTect on liter volume MoU that 
the pancreas in this case did not respond (Keprinled bt permission of the tmencin 
Journal of rhjsiolos} 91 HI 1920 ) 

crease, the response these observations indicate thit the active 
principle acts directlv on the smooth muscle (14) (59) 

1 he active pnnciple in the doses employed had a variable effect on 
intestinal motilitj , sometimes increasing at other times decreasing or 
having no effect (14) 

Since we have made preparations avhich caused gall-bladder con- 
traction and not pancreatic secretion and vice versa, we believe that 
the gall bladder contracting principle is different from secretin (60) 
We have, therefore, proposed the term “cholecystokmm” to designate 
the gall-bladder contracting principle of extracts of the upper intestinal 
mucosa Cholecystokmm and secretin are closely related, and on 
occasion we have observed the apparent conversion of one into the 
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other But the question of identity will not be settled until one or the 
other or both have been crystallized 
Two observers (62) (63) have reported contraction of gall-bladder 
“strips” or of the isolated organ on the introduction of “secretin” 
solutions into the bath One observer (61) failed Jung (66) has 
found that the isolated gall bladder of the guinea pig in a “bath” is 
ver}’’ susceptible to change in pH However, when cholecystokinin is 
added, taking precautions not to disturb pH, a contraction results 
From five to ten intravenous dog doses must be added to the bath. 



Fig 4 The upper tracing shows the change in gall-bladder pressure after the intro- 
duction of a slightlj acidified pancreatic digest of egg i oik and cream into the duodenum 
A slowlj increasing tonic contraction of the gall bladder as a whole is to be noted on which 
IS superimposed a tonus rhj’thm augmented in rate and amplitude Each tonus rhidbrn 
exerted a pressure of 2 5 cm of bile on the contents, and they occurred at a frequency of 
from two to three per minute (Reprinted by permission of the \merican Journal of 
Phy siologi , 86 605 1928) 

probably because cholecystokinin difiuses t eiy slowly through the gall- 
bladder serosa 

It has been found that when either hydrochloric acid of the strength 
that IS found normally in the stomach or egg yolk, cream, and olive oil 
digested with pancreatm are introduced into the duodenum, a contrac- 
tion of the gall bladder is induced (fig 4) The contraction begins m 
about two minutes Following the introduction of emulsified and 
partially digested fat, the gall bladder manifests a slow tonic contrac- 
tion on which is superimposed an augmented tonus rhythm This, 
we beheve, represents the normal tj-pe of gall-bladder response to 
ingested egg yolk and fat and is well calculated to expel contents from 
the gall bladder 
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The observation that the introduction of dilute IICl (N/IO-N/20) 
into the duodenum caused the gall bladder to contract but that a 
reasonable intravenous injection of the acid did not, made it possible 
to test out a hormone hypothesis for gall-bladder contraction Ac- 
cordingly cross circulation experiments were done using dogs with 
compatilile bloods It Mas found that the introduction of acid into 
the duodenum of one dog caused the gall bladder of this dog to con- 
tract Mithm tMO minutes and the gall bladder of the other in from 
eight to tMclvc minutes (13) Ihc obvious interpretation of this 



tie 5 CKis tticmi, dcmotislcatss the TOult u( a cross ciccuktioa eepetimeal v/10 
HCl was placed in the duodenum of Bog tl with the result that B’s pall bladder contracted 
within a minute and A's gall bladder contracted about ten minutes later (Reprinted by 
permission of the American Journal of Physiology 86 605, 1928 ) 

result (fig 5), which was obtained in three of four expenments, is that 
a hormone mechanism is concerned in gall-bladder contraction 
Although no other excitant of cholecystokimn production than dilute 
hydrochloric acid was used in our cross arculation expenments, we do 
not believe that acid is the sole exatant Just as there are other 
excitants of secretin production than acid, there are probably other 
exatants of cholecystokimn production Acid was chosen for our 
expenments because it gave a rapid response and is a pure chemical 
substance We hax'c shown that filling of the gall bladder occurs in 
gastrectomized dogs and evacuation is induced by feeding egg yolk 
Also, perfusion of egg yolk through the stomach in some dogs wath a 
pouch of the entire stomach induces evacuation of the gall bladder 
(56) (67) Small quantities of cholecystokimn have been obtained 
from the pylonc mucosa (68) 





360 


ANDREW C IVY 


Cholecystokmm injected intravenously has been observed to cause 
evacuation of iodized oil from the gall bladder of the dog, of normal 
gall-bladder contents in the dog, and rabbit, and to cause the Graham- 
Cole shadow of the gall bladder in dog (fig 6) and man (fig 7) to 



Frc 6 This figure demonstrates the evacuation of lodutd oil from the gall bladder 
under the influence of cholccystokinin "1” is the control picture, “ 2 ” was taken at If) 
minutes , and “ I” at one hour Seven injections of cholccystokinin were made at 1 0-minute 
intervals In “3” note the injection of the hepatic duct of the right lower lobe of the In er 
(.Reprinted by permission of the \mcrican Journal of Physiology, 86 003, 1928 ) 



Fig 7 T-iie Gall Bladdlr or a Palignt (Man) BEroiir (1) and Actir (2) riir In- 
jnenoN or luRrr: Dosls oi Ciioli cvstokinin at 10 minutl Intcrvais 

The changes in the gall-bladder shadow become evident within five or ten minutes of 
the first injection Ihc second picture was taken about 45 minutes after the first (Re- 
printed by permission of Endocrinology, 14 343, 1930 ) 

disappear rapidly Cholecystokinin works more rapidly, but no more 
effectively than a meal of egg yolk, cream and olive oil This has been 
confirmed by Whitaker (59) The amount of evacuation obtained 
within one hour by successive injections of cholecystokmm varies from 
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animal to animal, ;ust as occurs when a fat meal is ingested We have 
obtained from thirty to eighty per cent evacuation of iodized oil in 
one hour In man we have obtained 50 per cent reduction of the 
shadow in one-half hour after three injections of cholecj'stokinm (45) 

On the basis of the evidence at hand it is held that a hormone 
mechanism is concerned in gall-bladder contraction and evacuation 
The hormone (cholecystokinin) is closely related to but probably not 
identical with secretin, and is formed by the upper intestinal mucosa 
when in contact with aads, and probably fatty and other substances 
that cause secretin formation 

Spontaneous contraction Almost every recent investigator in this 
field has occasionally observed spontaneous contraction and evacuation 
of the gall bladder in the dog, tlie cat and man They have resulted 
under conditions that preclude a definite interpretation, and hence 
vanous interpretations have been offered, none of which is acceptable 
in fact 

Factors other than contraction which may be concerned tn evacuation 
Ota the cystic duct There are some investigators of gall-bladder 
physiology who are convinced that this organ evacuates through the 
cystic duct but maintain that evacuation is accomplished prunanly 
by forces other than mtnnsic contraction of the gall-bladder muscula- 
ture This difference of opinion has led to the performance of numer- 
ous ingenious experiments by Winkelstem (20), McMaster and Elman 
(26), Whitaker (25), Burget (28) (69), Boyden (23), Mann, Potter 
and Higgms (27) (48) and Graham, Kodama, Gopher and Illingworth 
(22) In regard to the source of the extnnsic forces, the following 
suggestions have been made (1) Increase in mtra-abdominal pres- 
sure incident to mspiraUon with a relaxed common duct sphincter 
squeezes bile from the gall bladder into the duodenum (2) The filled 
stomach with gastric and duodenal penstalsis pushes the gall bladder 
against the liver and mechanically massages the bile from the gall 
bladder (3) The ebb and flow of bile with the elasticity of the gall 
bladder wall and a siphonage effect wash out and drain the bile from 
the vesicle (4) The milkmg action of duodenal penstalsis and 
changes in duodenal tone assisted by changes in intra-abdommal 
pressure and the elasticity and tone of the gall-bladder wall produce 
a passive evacuation of the organ (5) Penstalsis of the biliary ducts 
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in those animals (gmnea pig, pigeon, bullhead fish) in which it occurs 
may play a r61e m emptying the gall bladder. On the basis of the 
evidence presented in support of these extnnsic forces, I believe there is 
an element of fact involved in each instance In order to evaluate 
these extnnsic factors, it is necessary, first, to determine if the gall 
bladder will evacuate in their absence, and second, if it does, how 
these extnnsic factors modify gall-bladder evacuation 
It IS definitely established that m the absence of extnnsic forces the 
intnnsic musculature of the gall bladder in the dog is sufficient to 
expel most of the contents from the vesicle McMaster and Elman 
(26) inserted a tube into the cystic duct, another into the upper end 
of the common duct, and a third into the lower end of the common 
duct. By connecting these tubes bile could flow from the liver into 
the gall bladder or into the duodenum In this manner the gall 
bladder was excluded from the flushing action of hepatic bile and the 
sucking action of duodenal penstalsis When the gall bladder was 
filled with bile, it was found that when the animal was fed, a consider- 
able amount of bile was forced from the gall bladder against pressure 
(20 cm bile) This cannot be accounted for by an increase in mtra- 
abdominal pressure since the amount of food ingested causes no 
increase in intra-abdonunal pressure according to the experimental 
data of Cannon (70) and Kelling (71) Higgins and Mann (27) by 
inserting a tube in the common bile duct and tying the hepatic ducts 
with the abdomen open, observed evacuation of the gall bladder to 
occur on introducing a fat meal into the duodenum No bile left the 
gall bladder until the fat was introduced, even though the common- 
duct sphincter control had been removed Gopher and Illingworth 
(55) filled the gall bladder with iodized oil and placed a cannula at- 
tached to a rubber balloon into the cystic duct Following an egg 
yolk meal the gall bladder emptied a considerable amount of the oil 
into the rubber bag 

The r61e of intra-abdominal pressure as affected by deep respiration 
and vomiting in promoting evacuation of the gall bladder has been 
stressed by Winkelstein (20) He properly points out that the com- 
mon-duct sphincter must be relaxed to observe the phenomenon It 
IS true that deep respirations or vomiting may induce changes in intra- 
vesical pressure as high as 10 cm of bile pressure Normal respira- 
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tions, however, with or without the abdomen dosed, rarely cause a 
fluctuation of more than 1 or 2 cm of bile pressure When the gall 
bladder is filled with lodircd oil, a very viscous substance, vomiting 
or marked changes in intra-abdommal pressure artificially induced 
usually causes no evacuation (24, 25, 26, 55, 75) I have observed 
slight eiacuation of the gall bladder during vomiting when the gall 
bladder is filled with iodized oil and the sphincter held open by a can- 
nula Almost complete evacuation occurred after a fat meal Accord 
mg to some (20) (22), deep manual pressure in the upper nght quadrant 
will squeeze some bile from the gall bladder, but otlicrs (24) have not 
observed this even after atropine The reason for the discrepancy 
probably lies in the tone of the common duct sphincter or duodenal 
musculature Hence, if respiration and normal changes in intra- 
abdominal pressure play a minor role, their effectiveness depends 
entirely on the common-duct sphincter 
There is no clear cut evidence supporting the suggestion that the 
peristalsis of the stomach and duodenum dunng digestion mcdiam- 
cally massages the bile from the gall bladder (89) That this factor is 
not even likely is shown by numerous observations to the effect that 
a carbohydrate meal has little or no effect on the disappearance of the 
cholecystographic shadow in man 
Graham and coworkers (22) (55) have stressed the possibility that 
the ebb and flow of fresh bile from tlie liver with the elastic recoil 
of the gall-bladder wall may exert a washing out effect Gopher, 
Kodama and Graham (22) visualized the gall bladder and then tied 
the hepatic ducts in dogs A fat meal failed to cause disappearance 
of the shadow Scott and Whitaker (78), however, in a similar 
experiment in cats, obtained emptying of iodized oil (55) The only 
directly unchallenged expenment in support of this possibility is the 
following expenment The gall bladder was removed and a rubber 
bag was substituted Tetraiodophenolphthalem was admmistered 
and the rubber bag filled and visualized In five days the shadow 
had practically disappeared Whitaker (25) performed the same 
experiment using iodized oil instead of iodized bde and observed no 
emptying of the iodized oil after feedmg The results of these expen- 
ments indicate that extnnsic forces such as the ebb and flow of bile 
and the sucking action of duodenal penstalsis or changes m the 
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common-duct sphincter are capable of very slowly evacuatmg iodized 
bile, but not the more viscous iodized oil Boy den (44) has shown 
that the gall bladder of man will empty against gravity It is inter- 
esting that at one time gravity was supposed to be a factor in empt 3 nng 
of the stomach (70) In view of the evidence cited above on the 
intrinsic ability of tlie gall bladder to evacuate, only a mmor role may 
be ascribed to the washing out effect of the ebb and flow of bile 

In any consideration of tlie motor activity of the gall bladder, senous 
attention must be given to the common-duct sphmcter and duodenal 
motility All investigators agree that either the common-duct 
sphmcter or duodenal activity or both play an important role in the 
filling of the gall bladder Most agree that they play some role m 
the evacuation process 

I thought that duodenal penstalsis was the prime factor in gall- 
bladder evacuation imtil the expenments of McM aster and Elman 
and Higgins and Mann were pubhshed, and I doubted until recently 
the existence physiologically of a speaal common-duct sphincter 
This opinion was taught because of the disagreement in the literature 
in regard to whether the flow of bile into the duodenum was controlled 
entirely by duodenal tone and motility or by a speaal sphincter 
Recent work on the dog by Lueth (72) in our laboratory shows that 
to explain the observed facts a correlation of both views is necessary 
His graphic records show that “the vagi exerase a tonic motor control 
over the musculature surroundmg the intramural portion of the 
common bile duct, which may or may not be correlated nith changes 
in tone of the duodenal musculature ” This confirms Oddi’s onginal 
contention AATien one inserts a small cannula through the common 
duct to the level of the submucosal layer and then exerts pressure, the 
ampulla may be seen to bulge and the pressure must be raised to an 
adequate threshold before fluid flows into the duodenum The 
sphincter of the papiUa exerts a pressure of from 2 to 13 cm of H 2 O or 
from one-third to one-sixth of the total resistance of the intramural 
portion of the common bile duct Graphic records were obtained 
showing a decreased intramural resistance with duodenal relaxation, 
which confirm the obsen'^ations of Elman and McMaster (49), Gopher 
and Kodama (73), Burget (69) and others (74) Apparently then the 
intramural portion of the common bile duct possesses a speaal sphinc- 
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tenc medianism \\hich is mtiniatcly coordinated vath duodenal 
peristalsis but ivhicli may function independentlj This mterpreta- 
tion of the facts agrees wth the observation of Giordano and hlann (74) 
uho report that bile maj spurt from the papillary orifice without 
discernible penstalsis, but if peristaltic waves are present m the 
duodenum, the outflow wall occur with the penstalses (74a) 

Even though duodenal and sphmctenc activity may be evident 
while the gall bladder is cvncuatmg, it does not follow that the 
activity of these parts is the cause of tlie evncuation Berg and 
Jobling (77) have divided the common duct and implanted it into 
another portion of the duodenum and obtained filling and evacuation 
of the gall bladder As pointed out above, considerable penstaltic 
activaty of the duodenum of man and dog (Higgins has observed the 
same in the fish) may occur without evacuation of the gall bladder 
WTien tlie sphmctcnc resistance m the dog is abolished by section (25) 
(51), or bj a large glass cannula (74) (75) (76) (40) placed in the 
intramural portion of the common duct, more or less spontaneous 
emptying occurs within si\ to eighteen hours Then almost complete 
emptying is induced by fat feeding This early spontaneous emptying 
IS to be expected since the pressure in the gall bladder dunng fasting 
frequentlj amounts to from 4 to 8 cm of bile (13) and the resistance 
offered by the sphincter of the common duct may amount to from 20 
to 30 cm of bile According to Whitaker (25), if the gall bladder of 
the cat IS only partly filled wath iodized oil and the sphincter cut, no 
emptjang occurs until fat is fed These experiments indicate that 
with the sphincter abolished, the clastic recoil and tonus of the muscu- 
lature of the gall bladder expel only a portion of tlie bile They are 
not free from objection in that viscous iodized oil was used and in the 
experiments in whicli iodized bile has been used, the section of the 
sphincter may have been followed by edema These objections, 
however, are fully met by the experiments of Higgins and Mann 
cited above, in which the hepatic ducts were ligated and the common 
duct cannulated and no bile flowed from the gall bladder until fat 
■"■as introduced into the duodenum We must therefore conclude that 
the common-duct sphincter and duodenal musculature assist gall- 
bladder evacuation by relaxing and thereby permitting bile to be 
expelled by the contractmg gall bladder, and that the “elastic recoil,” 
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“the ebb and flow of bile,” and sudden changes in intra-abdominal 
pressure are minor factors 

The commoji-duct sphincter may inhibit gall-bladder evacuation The 
common-duct sphincter and duodenal tone play an important role 
m inhibiting gall-bladder evacuation via the cystic duct The fact 
that the intramural portion of the common duct in the dog may exert 
a resistance of from 0 to 75 cm of bile under various conditions and 
that the gall bladder exerts only a maximal pressure of from 20 to 30 
cm , shows that in the presence of high intramural resistance, the gall 
bladder may contract without evacuating This accounts for the 
observation that after fat or cholecystokimn, the hepatic ducts m the 
cat, dog and man are sometimes visuahzed Thus, the gall bladder 
may contract against a contracted sphincter (13) (23) (79) This 
fact, first suggested by Meltzer, is of considerable pathologic impor- 
tance, since it has been shown expenmentally that chemical duodenitis 
(80) and duodenal stasis (81) (82) delay the rate of emptying of the 
gall bladder 

It is an interesting fact that the maximal power of the gall bladder 
to contract is approximately the same as the secretory pressure of bile 
and that both are greater than the “average” common-duct sphinctenc 
pressure in the “mtact” dog 

Effect of gastro-intestinal operations on gall-bladder evacuation It is 
worthy of note that vanous gastro-mtestinal operations, such as 
gastrectomy (56) (67), gastro-enterostomy (24) (25), pyloroplasty of 
vanous types (83) do not aSect the response of the gall bladder to a 
fat meal The same is true if the stomach is anastomosed to the 
jejunum and the duodenal secretions emptied into the ileum (83), 
which should be expected to occur on either a hormone or reflex basis 

Sphincter at the neck of the gall bladder A possible factor concerned 
in fillin g and evacuation of the gall bladder which deserves more atten- 
tion than it has received is that a sphincter may be located at the 
junction of the gall bladder and cystic duct Certain observations 
made by Volborth (84) may be explained on this basis, and Mann (85) 
(48) has obtamed differences in pressure between the gall bladder and 
cystic duct which are best accounted for by a sphmcter at the neck of 
the gaU bladder This report deserves further careful investigation 
(The author onuts intentionally a discussion of the valves of Heister 
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because the div'crse opinions of Uicir functional activity are based 
primarily on anatomic tlieory (1) (16) (86) ) 

Gall bladder cvacuolwn tii cholccyslths It is important to Juiou 
from a clinical and phjsiological vieiv point whether the acutely in- 
flamed gall bladder will evacuate If an acutely inflamed gall bladder 
does not evacuate, this would indicate that the prime mechanism for 
evacuation lies wnthin the vesicle Graham (22) has wntten that 
“shadows of diseased gall bladders were found bj'' cliolcc>stograpliy, 
not to change in sire when the pathological diangc in the wall were 
moderatelj advanced " Recciitlv Murphj (87) and Murphy and 
Higgins (88) have found in tlic dog that tlic acutely inflamed gall 
bladder, induced chemically, wall not empty iodized oil after a fat 
meal Irom four to siic weeks later, liowevcr, the ability of the gall 
bladder to contract and evacuate returns Ihey report that lesions 
were not found outside of tlic gall bladder Obviously in the acute 
condition the various cvtnnsic forces alleged to cause gall-bladder 
evacuation were operating but failed to produce an effect Hence, 
according to these observations, the acutely inflamed gall bladder does 
not emptj because its contractile mechanism can not be excited to 
contract 


Does Ike gall bladder cr-acuate completely every day? With the evi- 
dence at hand, I am convinced that the gall bladder of most normal 
dogs and cats wall evacuate or renew its contents every day on a diet 
containing adequate fat and protein On the basis of the cholecysto- 
graphic observations of Bo>dcn, ^\^utaker and others, the same 
statement is true for normal human subjects Case (41) states that 


within three hours following a fat meal (tw o egg yolks, a glass of cream 
and milk, half and half), the area of the vesicular shadow should be 
reduced seven-eights or more in a normal subject Whether or not 
the gall bladder will renew its contents dailj depends on the nature of 
the diet, the eating habits, and the individual variation I suspect 
that If a large senes of “normal” subjects were studied, rather wide 
phvsiological vanations would be found as is tme for the colon 
Sumrnary The gall bladder of all animals studied, including man, 
possesses contractihtj and evacuates vui the cystic duct, espeaaUy 
on the mgestion of fatty foods In the dog a r^nmal gall-bladder 
contraction exerts a force of from 20 to 30 cm of bile pressure on its 



368 


ANBREW C IVY 


contents Contraction of the gall bladder is due pmnanly to hormone 
stimulation and m part to nervous reflex exatation The hormone is 
secretin-hke chemically and is produced chiefly by the upper mtestmal 
mucosa upon contact with dilute hydrochloric acid, and very probably 
certain fatty and other substances which cause secretm production, 
but which have not yet been tested by cross-arculation experiments 
The intravenous mjection of the hormone tentatively called chole- 
cystokmin, causes gall-bladder evacuation in animals, including man 
The gall bladder empties primarily by the contraction of its muscula- 
ture Other factors, such as the “ebb and flow of bile,” “elastic recoil,” 
and “mtra-abdominal pressure changes,” play a rmnor r61e The com- 
mon-duct sphincter and duodenal musculature assist evacuation 
chiefly by relaxing and thereby permitting bile to pass from the con- 
tracting vesicle mto the duodenum The fact that an abnormally 
tome common-duct sphincter or duodenum may cause sufi&cient resist- 
ance to overpower the contractile force of the gall bladder and the 
secretory pressure of the liver is, I believe, of considerable pathologic 
importance 
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